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HOW to Use Every Tech Notes fact sheet lists a source Each fact sheet also is perforated to allow
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for additional information. The source of

this information may be a special support

package from the originating agency, a

personal contact, a licensing opportunity,

or a backup report available from NTIS.

for easy removal for those subscribers who
may wish to keep a special fact sheet file or

route to others in their organization

Sources of

Further Backup
Information

Below are two representative examples of

how each Tech Note fact sheet provides

you with a source of further information. In

most cases, this information is provided

directly by the agency or its laboratory.

However, there are cases where NTIS is

the source for backup documentation. In

these cases, use the order form at the

end.

Examples:

significant distance from the endwalls. Therefore, a

radial variation in efficiency should be used when
designing small stators.

Project Officer Jeffrey E. Haas —

—

—
(216)433-4000.

FOR ADDITIONAL INFORMATION

You can learn more about this technology by ordering

the NTIS report(s):

Cold-Air Performance of Compressor Drive

Turbine

Order number: AD-A101066/NAA
Price code: A02

Order from:

National Technical Information Service

5285 Port Royal Road
Springfield, VA 22161

(703) 487-4650

158

Agency contact who can

supplement the information

contained in the backup

report.

NTIS Order Number*

NTIS Price Code*

* See the order form and

price code table at the end

of the issue.

Suggested applications include other kinds of

refrigerators, heat engines, thermal

instrumentation, and heat switches.

This work was done by Emanuel Tward of Caltech

for NASA's Jet Propulsion Laboratory.

NPO-15479/TN - ~ "

FOR ADDITIONAL INFORMATION
Contact: Director, Technology Transfer

Division, P.O. Box 8587, BWI Airport, MD
21240: (301) 621-0100 Ext.241.

REFER TO THE NUMBER LISTED AT THE
END OF THE ARTICLE
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Tech Notes Title List for

February 1 988

Agriculture & Food
71 Changing Fats and Oils into Higher Value Products

(Licensing Opportunity)

72 Individual Wrapping Holds Freshness Key

Computers
73 Expert System for Computer Diagnostics

Software

74 ECSS II: The Extendable Computer System Simula-

tor (Licensing Opportunity)

75 Program Generates Views of Complicated Objects—
Line drawings and other representations are pro-

duced by computer-aided design.

Other items of Interest

78 Energy-Saving RAM-Power Tap— A reverse-flow

HEXFEX minimizes voltage drop and power dissipa-

tion.

Electrotechnology

76

77

Dyed Photoresist Produces Better Radiation-Hard-

ened IC's

Integrated Facility for Automated Hybrid Microcircuit

Manufacturing

78 Energy-Saving RAM-Power Tap— A reverse-flow

HEXFEX minimizes voltage drop and power dissipa-

tion.

79 More on Effects of Radiation on Electronics — A
bibliography is expanded. (Licensing Opportunity)

80 Portable-Beacon Landing System for Helicopters—
An X-band system brings all-weather landing capabil-

ity to remote sites. (Licensing Opportunity)

81 Power-Switching Circuit — Functions of circuit

breakers, meters, and switches are combined.

Testing & Instrumentation

82 Many Uses Envisioned for New Electrical Resistance

Probe

83 Holographic Detection of Latent Defects in Printed

Circuit Boards

84 Tester for Multiple-Conductor Cables— Faults are

revealed in a pattern and sequence of lights. (Licens-

ing Opportunity)

Other items of Interest

1 1 5 Hot-Gas Nozzle for Desoldering Leadless IC's— An
economical tool fits on a hot-air gun.

Energy

85 Terrestrial Applications Considered for Satellite

86 Safety Characteristics of Lithium Primary and
Secondary Battery Systems

Software

87 Program for Paraboloidal Solar Concentrators— The
optical performances of design alternatives can be
estimated.

Testing & Instrumentation

88 Use of a High-Speed Data Acquisition System to

Determine the Benefits of Distribution Automation

89 Fiber-Optic Refrigeration Cycle Monitor

90 New Acoustic Technique Promises Better Way to

Evaluate Installation of Home Thermal Insulation

Engineering

91 Portable Cooling System Designed

92 Redundant Control for Air-Circulation Valves —
Helicopter-rotor control remains even if two computers

fail.

93 Applying Tape in Vacuum or Air— Cost and complex-

ity may be reduced. (Licensing Opportunity)

94 Electromagnetic Repulsive Deicer for Aircraft — A
proposed lightweight device would eject ice with

minimal power drain. (Licensing Opportunity)

95 High-Temperature Vibration Damper— Rotary

damper accommodates temperature effects on

volume and viscosity. (Licensing Opportunity)

96 Shaft Coupler with Friction and Spline Clutches —
Dual clutches ensure smooth acceleration and

efficient power transfer from engine to rotor at full

aircraft speed. (Licensing Opportunity)

Software

97 New Method for Predicting Hazards of Fires

98 Control-System Design Program — Multi-input and

multioutput systems can be located in continuous and

discrete forms.

Testing & Instrumentation

99 Humidity Sensing Device Offers Accuracy Over a

Long Lift-Time

1 00 Fiber-Optic Lateral-Displacement Sensor— A device

would determine bearing position and perhaps

measure shaft speed.

Other items of Interest

75 Program Generates Views of Complicated Objects—
Line drawings and other representations are produced

by computer-aided design.

Environmental Science & Technology
1 01 Grout Stabilization of Liquid and Solid Wastes

102 The Long-Term Problems of Contaminated Land:

Sources, Impacts, and Countermeasures

1 03 Three Dimensional model for Groundwater Flow and

Transport

104 Water Chlorination: Chemistry, Environmental Impact

and Health Effects, Volume 5

105 The Block Displacement Meathod Field Demonstra-

tion and Specifications

106 An Environmental Source Book on the Photovoltaics

Industry
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Manufacturing, Machinery, & Tools

1 07 In Process Control of Machining

108 Advanced Servomanipulator System

109 Using New Controller may Improve Metal Purity/

Uniformity

1 1 Future of Automated Materials Processing Assessed

111 Ion Beam Processing

1 1

2

Alternating-Polarity Arc Welding — Briefly reversing

the polarity of welding current greatly improves the

quality of welds.

1 1

3

Electronic Caliper Has 1 -mil Accuracy— Its output is

either a digital readout or a printout.

1 1

4

Device Applies Films to Optical Elements — The
resulting coatings are free of wrinkles and air bubbles.

(Licensing Opportunity)

1 1

5

Hot-Gas Nozzle for Desoldering Leadless IC's— An
economical tool fits on a hot-air gun.

1 1

6

Lineariziation of Robot Manipulators — Four nonlinear

control schemes are equivalent.

1 1

7

Minimum Joint Gap for Rotbotic Welder— A vision

system requires a minimum gap at a joint to be

welded.

1 1

8

Punching Holes in Thin Metals — Edges are clean

and sheets remain flat.

Other items of Interest

83 Integrated Facility for Automated Hybrid Microcircuit

Manufacturing

Materials

1 1

9

New Wrinkle-Resistant Fabric Finish (Licensing

Opportunity)

1 20 Heat Treatment of Ti-6A1 -6V-2Sn Powder Metallurgy

Products

121 High Temperature Aluminum Alloys

122 Superplastically Formed Aluminum-Base Alloys

1 23 Ti-6A1 -4V Produced from Elementally-Blended

Powders

124 Shear Instability Mechanisms in High Hardness Steel

1 25 Deaeration Technique for Fluid Polymers

126 Effects of Hydrogen on Experimental Alloys—
Tensile-strength data are given on canidates for

service in a hydrogen atmosphere.

127 Producing Low-Oxygen Samarium/Cobalt Magnet

Alloy— An oxygen content of only 70 parts per million

was achieved.

1 28 Recycling Silane — This costly gas would be purified

after use in a deposition reactor.

Testing & Instrumentation

129 Analyzing Nonisothermal Crystallization of Thermo-

plastics— Polycrystallinity is observed at different,

but constant, heating rates.

130 Dielectric Monitoring of Curing Composites—
Monitoring of dielectric properties may improve the

curing process, but additional research is needed.

131 Measuring the Interlaminar Shear Strengths of

Composites — An ultrasonic technique performs

nondestructive tests.

Other items of Interest

109 Using New Controller may Improve Metal Purity/

Uniformity

Medicine & Biology

132 Capillary Processor and Pipettor for Processing

Whole-Blood Samples into Measured Aliquots of

Plasma (Licensing Opportunity)

133 Human Genome Center

134 A New Radionuclide Generator System for Clinical

Studies (Licensing Opportunity)

135 Techniques for Porducing Monodispersed Biocatalyst

Beads for Use in Columnar Bioreactors (Licensing

Opportunity)

Testing & Instrumentation

136 Remote Vital Signs Monitor Developed

137 Digital Dosimeter Measures Radiation Doses

Other items of Interest

91 Portable Cooling System Designed

Natural Resources Technology &
Engineering

Software

138 Computer Simulation Model for Surfact Mine Recla-

mation Planning-OPMHS/2

139 CAM (Cartographic Automatic Mapping) Program.

7th Edition

Testing & Instrumentation

140 Ultrasonic Ranging and Data System

Physical Sciences

141 Quadriprism for Laser Beam Array Generators

142 Electrically Stabilized Expanded Granular Beds for

Sorption Processes

143 Quality Control Program for Analytical Chemistry

Laboratories (Licensing Opportunity)

1 44 Bulk Targets Characterized for New Laser Ablation

Technique

1 45 Mass Spectral Database Available for PC Use

146 New Exicmer Laser Concept Demonstrated

147 Apodization Control of Line Shape in Spectrometer—
A Kaiser-Bessel apodization function reduces the

unwanted sidebands.

148 Approximate Analysis of Semiconductor Laser Arrays

— A simplified equation yields useful information on

gains and output patterns.

149 Coma-Compensated Telescope with Vertex Chopping
— Field-independent coma is cancelled with field-

dependent coma.

Testing & Instrumentation

150 Small Sensor Uses Special Sound Wave to Measure

Viscosity

151 Advanced Instruments Helping in Studies of Explo-

sives

152 Improved Raman Spectorscopy System Detects

Monolayers on Surfaces

1 53 Encapsulating X-Ray Detectors — A vapor-deposited

polymer shields crystals from the environment while

allowing x-rays to pass.

Other items of Interest

99 Humidity Sensing Device Offers Accuracy Over a

Long Lift-Time
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united states Licensing Opportunity

Department of

Agriculture Research Technology
Agricultural Research Service

Changing Fats and Oils into Higher Value Products

Fatty acids and glycerol are important

industrial ingredients—raw materials for

a host of everyday products such as

cosmetics, drugs, inks, lubricants, and

tires.

Old, spent animal fats and vegetable

and fish oils, on the other hand, are

pretty useless commodities.

There's a way to convert these used

or low-value substances into clear,

odorless ingredients that can be profita-

bly sold. It's a process called hydroly-

sis, and ARS scientists are patenting

ways to improve it.

Current heat-processing hydrolysis

methods require huge steel vessels and

costly heating equipment, and they risk

polluting the environment. The product

may still smell so bad that secondary

deodorizing is a must. And despite all

this effort, the product's purity may limit

its use to soapmaking.

But a new, "cold" method puts the

enzyme lipase to work as a catalyst in

the chemical process. With this innova-

tion, fats and oils may be hydrolyzed at

less expense, and without polluting the

environment. Best of all, the product is

odor free and considerably purer.

Originally demonstrated in small

laboratory batches, the lipase process

became feasible for large-scale produc-

tion with the invention of a mixing

device. The ARS-patented device

contains a continuous array of baffles

that control the turbulence of the

swirling chemicals. With this mixer,

hydrolysis is relatively simple and easy,

enabling systematic, continuous

processing.

For technical information, contact

Samuel Serota, USDA-ARS, Eastern

Regional Research Center, 600 East

Mermaid Lane, Philadelphia, PA 191 18.

Patent Application Serial No. 061

882,103, "Lipolytic Splitting ofFats and
Oils."

For Additional Information:

Inquiries concerning rights for commercial use of this

invention should be addressed to

Office of Federal Patent Licensing

Center for the Utilization of Federal Technology
Room 13 R, NTIS
Springfield, VA 22161

(703) 487-4738

Refer to Patent Application 6-882, 103/TN
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united states Research Technology
Department of ^ *

Agriculture Agricultural Research Service

Individual Wrapping Holds Freshness Key

V ruits and vegetables can stay fresh

two to three times longer if they're

wrapped immediately after harvest in

plastic films that allow produce to

breathe.

"Although the films look much like

the clear plastic wrap you use at home
for wrapping sandwiches or leftovers,

that's where the similarity ends," says

Roger E. Rij, a marketing specialist

with USDA's Agricultural Research

Service in Fresno, CA. "The films we
use in our experiments have micro-

scopic pores. This helps the fruit or

vegetable take in some needed oxygen,

get rid of excess carbon dioxide, or give

off ethylene—a natural compound that

could otherwise cause overripening."

Household wrap, in contrast, usually

isn't porous and usually doesn't let gas

flow in and out of the package, he says.

"Differences in the way each film is

manufactured result in a different and

characteristic pore or hole size through-

out a particular film. The size of the

hole affects the rate at which the

molecules of a given gas can escape

from or seep into the environment

surrounding the wrapped fruit or

vegetable," Rij explains. "This is

because the molecules of one gas are a

different size than those of another. We
can experiment with a wide selection of

films—each made with a different

formula and different hole size—to get a

film that helps set up the perfect micro-

environment for each type of fruit or

vegetable.

"Peaches and nectarines, for ex-

ample, store best in an environment

with 5 percent carbon dioxide, while

broccoli responds better to 10 to 12

percent carbon dioxide. For the peaches

and nectarines, we use a film that—by
virtue of the size of the holes—tends to

let carbon dioxide molecules escape out

of the wrapped package. But for

broccoli, we use a film with smaller

pores to slow down the escape and keep

the vegetable surrounded with more of

this gas.

"Sometimes produce is wrapped in

the back room of the supermarket—to

make the food more attractive—but

that's not what we're talking about,"

says Rij. "We mean wrapping in the

packing shed right after it is picked."

Although the films aren't new, the

test results from Rij and colleagues are.

The researchers have shown which

wraps work best with already proven

storage methods. This is because simple

refrigeration, or the more sophisticated

"controlled atmosphere storage" (in

which the mix of gases in storage rooms
is carefully controlled), can significantly

affect movement of the gases in or out of

the film-wrapped package. Rij says

shrink- or stretch-wrapping is "meant to

enhance, not replace" these other types

of storage.

The recent tests build on earlier

successes, most notably those of ARS
scientists in Florida and researchers in

Israel who were able to preserve

freshness and storage life of newly

harvested grapefruit, lemons, and other

citrus by wrapping them in plastic film.

This work led to Rij's tests in which he

used polyvinyl chloride films from

Borden Chemical Co. to preserve

individually wrapped bunches of

broccoli and larger packs of six to eight

peaches or nectarines. Rij says un-

wrapped broccoli normally keeps for

only a week and a half or 2 weeks at the

very most, while wrapped broccoli

—

with the right storage
—

"can now look

and taste good for up to 3 weeks."

He cites these benefits. "Wrapping
means that when you go to the grocery

store, your favorite fresh fruits and

vegetables might be available from U.S.

growers anywhere from a few days to a

few weeks longer than usual. And
instead of being picked underripe—so

that they won't deteriorate or rot before

they're sold—they can be picked at the

peak of perfection."

Film wrapping also opens new
possibilities for exporting fruits to

faraway markets now unavailable
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because produce loses its freshness,

flavor, or color during the long journey.

Use of the wrap could be boosted by

the recent development of new, faster,

and more reliable equipment for auto-

matically wrapping the produce.

Gene E. Lester, a plant physiologist

in Weslaco, TX, has dramatically

improved the shelflife of individually

wrapped cantaloupes—an exceptionally

perishable crop. The experiments were
part of a long-range study on how fruit

decays, and how techniques such as

genetic engineering might someday be

used to delay it.

"Individually shrink-wrapped melons
will last at least three times longer than

unwrapped melons—and still have

excellent quality, firmness, flavor, color,

and sugar," Lester says.

Lester's films, made of a plastic

known as polyolefin and manufactured

by E.I. du Pont de Nemours & Co., trap

moisture molecules—the key to prevent-

ing the melons from becoming shrunken

and shriveled. Cantaloupe is mostly

water and has a tremendously short

shelflife; it usually lasts no more than 3

to 14 days after harvesting, he explains.

But with wrapping and proper cold or

controlled atmosphere storage, melons

can last up to 40 days.

At the Weslaco, TX, research facility, plant

physiologist Gene Lester prepares cantaloupes

for the shrink-wrap process. Following

enclosure in the wrap, melons will travel by

conveyer through an oven where the plastic is

shrunk to a tight fit. (0387X172-12)

For Additional Information:

To discuss this effort further, contact:

Dr. Roger Rij

USDA-ARS
U.S. Horticultural Field Station

202 1 Peach Ave.
Fresno, CA 93727
(209) 487-5334



Computers

73 Expert System for Computer Diagnostics

Software

74 ECSS II: The Extendable Computer System Simulator (Licensing Opportunity)

75 Program Generates Views of Complicated Objects — Line drawings and other

representations are produced by computer-aided design.

Other items of Interest

78 Energy-Saving RAM-Power Tap— A reverse-flow HEXFEX minimizes voltage

drop and power dissipation.





NAVY
Domestic Technology Transfer Fact Sheet

Expert System for Computer Diagnostics

A ten-month study was recently

completed by Control Data Corpora-

tion to explore the feasiblity of using

expert systems technology to help

less experienced technicians emulate

the experts' diagnostic process. Ex-

pert systems technology provides tech-

niques for extracting knowledge from

experts, and encoding that knowledge

into a software program for use by

less experienced personnel. This

technology has been used with some

success for capturing and encoding

expertise about computer fault

diagnosis.

The computer chosen for the feasi-

bility study was the AYK-14, a 16-bit,

Navy standard airborne computer,

which is manufactured and tested by

Control Data. The scope of the feasi-

bility study was to diagnose solid,

single-point failures occurring during

the firmware built-in-test for the

general processor module of the

computer. The expert system was to

attempt to diagnose failures down to

the component level.

Building this expert system for

component-level diagnosis was ex-

pected to be significantly more dif-

ficult than the typical diagnostic

applications described in the current

literature. These applications are

usually built for electronic units that

are less complex than the airborne

computer chosen for the study, and

give advice on diagnosing to the

module, rather than the component

level. Because component-level diag-

nosis is much more complex than has

usually been attempted with expert

systems, the first phase of the project

was undertaken as a feasibility study.

i ne specific objectives for the

ManTech project were to:

• determine if expert system tech-

nologies could be used to help a novice

diagnose a failure in a complex mili-

tary airborne computer to the com-

ponent level, and

• build a prototype to demon-

strate the extent of feasiblity.

During the first half of the project,

many hours were spent observing ex-

perts diagnosing failures within the

selected scope of study. Much was

learned about the nature of the ex-

perts' troubleshooting expertise during

these months. The remaining months

were spent building a prototype ex-

pert system that would offer a novice

advice on how to troubleshoot GPM
BIT failures. The prototype was

programmed in LISP, and in an

expert system building package called

ES. The prototype ran on an IBM

PC-AT with 640K RAM and 20MB of

disk storage. Experts and novices

were asked to comment on the proto-

type, which was continually upgraded

to suit their needs. Toward the end of

the project, the prototype was placed

into the technicians' environment for

their use in troubleshooting actual

GPM BIT failures.

The effectiveness of the prototype

was measured through a series of

benchmark tests. These tests showed

that expert system technologies could

be used to help novices diagnose

failures down to the component level

in the selected computer. In two out

of three cases where novices could not

diagnose a failure without the expert

system, the same novices could diag-

nose a very similar failure with the

expert system. Any shortcomings

that were noted with the prototype

were due largely to incompleteness of

advice given for certain failures, rather

than the failure of the expert system

concepts.

The overall response by the tech-

nicians to the prototype was favorable,

with the most enthusiastic users being

those who actually tried to solve a

failure using the system. No training

was required in order to use the proto-

type, and the technicians who tried

the prototype found it easy to use.

Furthermore, a variety of users,

including experts, benefited from the

diagnostic aids that were included in

the expert system.

The other modules within the

computer were studied to determine if

expert systems could be used to build

a diagnostic advisory system for them

as well. The answer was affirmative.

Therefore, all the conclusions from

the feasibility study supported the

hypothesis that an expert system

could efficiently provide component-

level advice in diagnosing a complex

military computer.

For more information regarding

this project, contact:

Mr. Steven Under

Office of the Assistant Secretary of

the Navy

Attn: RM& QA -PA

Washington, DC 20360-5100

Telephone: (202) 692-1146;

AV 222-1 146
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Computer
Software

Federal Computer Performance Evaluation and
Simulation Center

ECSS II: The Extendable Computer System Simulator

The Extendable Computer System Simulator (ECSS II) is a discrete-event, pro-

cess-oriented simulation language that was designed to (1) provide a problem-ori-

ented language for simulating computer systems, (2) improve the ease and in-

crease the speed for model development, and (3) provide capabilities for the user

to extend the language beyond the available higher-level constructs. Since its

original implementation in 1971, ECSS has proven to be an extremely valuable tool

in such areas as computer sizing, capacity planning, system tuning, and system
design. The program was developed by the Federal Computer Performance
Evaluation and Simulation Center, Alexandria, VA.

For Additional Information:

For information about ordering this software, contact the

NTIS Federal Computer Products Center, NTIS, 5285 Port Royal Road, Spring-
field, VA 22161; (703) 487-4763.

Refer to PB87-208138/NAC

Source tape is in the EBCDIC character set. This restricts preparation to 9 track,

one-half inch tape only. Identify recording mode by specifying density only. Price

includes documentation, numbers AD-A021 262, PB87-208153, PB87-208161, PB87-
208179, and PB87-208187.
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IWNSATech Brief
National Aeronautics and
Space Administration

Computer
Software

Program Generates Views
of Complicated Objects

Line drawings and other

representations are produced

by computer-aided design.

PLAID is a three-dimensional Computer

Aided Engineering (CAE) program that en-

ables the user to construct, manipulate,

and display interactively highly complex

geometric models. PLAID was initially

developed by NASA to assist in the design

of Space Shuttle crew-station panels and in

the assessment of payload handling. It has

evolved into a more general program for

convenient use in many engineering appli-

cations. Special effort was made to incor-

porate techniques and features that mini-

mize the user's workload in designing and

managing PLAID models.

PLAID consists of three major modules:

the Primitive Object Generator (BUILD),

the Composite Object Generator (COG),

and the DISPLAY Processor. The BUILD

module provides a means of constructing

simple geometric objects called primitives.

The primitives are created from polygons

that are defined either explicitly by vertex

coordinates or graphically by the use of ter-

minal crosshairs or a digitizer. Solid ob-

jects are constructed by combining, rotat-

ing, or translating the polygons. Corner

rounding, hole punching, milling, and con-

touring are special features available in

BUILD.

The COG module hierarchically organ-

izes and manipulates primitives and other

previously defined COG objects to form

complex assemblies. The composite ob-

ject is constructed by applying transfor-

mations to simpler objects. The transfor-

mations include scalings, rotations, and

translations. These transformations may
be defined explicitly or defined graphically

using the interactive COG commands.

The DISPLAY module enables the

user to view COG assemblies from ar-

bitrary viewpoints (inside or outside the

objects) both in wire-frame and hidden-

line renderings. The PLAID projection of a

three-dimensional object can be either or-

thographic or with perspective. A conflict-

analysis option enables the detection of

spatial conflicts or collisions. DISPLAY pro-

vides camera functions to simulate a view

of the model through different lenses.

Other features include the generation of

hard-copy plots, scaling and zoom options,

distance tabulations, and descriptive text

in different sizes and fonts.

An object in the PLAID data base is not

just a collection of lines; rather, it is a true

three-dimensional representation from

which correct hidden-line renditions can

be computed for any specified eye point.

The drawings produced in the various

modules of PLAID can be stored in files for

future use.

PLAID is written in FORTRAN 77 for

single-user interactive execution and has

been implemented on a DEC VAX-series

computer operating under VMS with a rec-

ommended core memory of four M-bytes.

PLAID requires a Tektronix-4014-compati-

ble graphics display terminal and optionally

uses a Tektronix-4631-compatible
graphics hard copier. Plots of resulting

PLAID displays may be produced using the

Calcomp960, HP 7221, or HP 7580 plotter.

Digitizer tablets can also be supported.

This program was written by Jeri W.

Brown ofJohnson Space Center.

MSC-21172 /TN

FOR ADDITIONAL INFORMATION
CONTACT:

COSMIC®
112 Barrow Hall

University ol Georgia

Athens, GA 30602

(404) 542-3265
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Technology Application

Sandia National Laboratory

Dyed Photoresist Produces Better Radiation-Hardened
ICs

Sandia National Laboratories has developed a new
photoresist for use during fabrication of its most com-

plex high-reliability, radiation-hardened integrated cir-

cuits (ICs). The photoresist provides a key to making ICs

with precisely defined current-carrying metal lines that

have smooth, straight edges.

The material contains a dye that increases the ability

of the photoresist to absorb light. This reduces light

reflection and scattering during the photolithographic

patterning of chip features made of reflective materials,

like aluminum.

High quality lines are required for Sandia's chips,

such as a developmental 256K non-volatile memory,
which are subject to strict specifications because they are

designed for use in nuclear weapons and various space

and satellite systems.

Although these specifications are not applied to most
commercially available, non-hardened parts, the new
photoresist is expected to be useful for their fabrication,

particularly as microelectronic circuitry becomes in-

creasingly miniaturized.

A photoresist using this dye is now available from

Shipley, Inc., of Newton. Mass., which independently

developed the product concurrently with Sandia. Its key

ingredient is a non-toxic dye, which appears to offer a

variety of significant advantages over other photoresist

dyes and alternate methods of absorbing light used to

expose photoresist.

Top layer of sandwich
Photoresist is a light-sensitive plastic-like material

used in IC processing. During the patterning of an ICs
metal lines, photoresist forms the top layer of a sandwich
that also consists of a metal film and a substrate below

the metal.

As the photoresist is exposed to light shining through

a patterned photomask, the exposed portions change
chemically so they can be washed away, exposing a

pattern of metal. An etchant then removes that metal.

This leaves the desired meral lines under the unexposed
photoresist, which is removed in a final step.

As designers pack more and more features on thumb-
nail-size chips, metal lines, along with the spaces be-

tween those lines, become increasingly narrow. Within

several years. 1-micron-wide lines are expected to be

widely used. This will place a premium on using tech-

niques and materials that guard against fabrication of

lines with "mouse bite" notches in them, or wavv lines

that stray from allowed thickness tolerances. Notched or

wavy lines are prone to electrical failure.

These imperfections occur because unabsorbed light

used to expose photoresist has been reflected or scattered

to other parts of the chip. This exposes photoresist that

was intended to remain dark, a problem known as reflec-

tive notching.

"Parts built to less-stringent specifications—chips in

a compact disk player, for instance—can get by with a

few notches." says Doug Weaver, manager of Sandia's IC

Patterns of a 256K memory exposed with undyed photoresist

(top) and dyed photoresist (bottom). The dyed photoresist lines

are clearly cleaner and more uniform.

Operations & Prototype Labs Department. "Sandia-

designed and -built chips are not permitted even one

notch that is half the width of the metal line."
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"The incidence of reflective notching can become par-

ticularly acute when metal lines are being formed on top

of bumpy IC surfaces that already have undergone

several material deposition and etching steps," explains

Clifford Renschler of Sandia's Chemistry of Organic

Materials Division.

Causes light scattering

"These topographical features present the oppor-

tunity for any light that was not absorbed by photoresist

to be scattered," adds Renschler, who developed the new

photoresist at Sandia.

"Because of the severity of the topography on the

Sandia devices, we were unable to find a commercially

available dyed resist that would eliminate our notching

problems. A major advantage of using this dye is that it is

highly soluble in photoresist. This is important because

our studies showed that the dye concentration employed

in our process had to be quite high."

This dye also offers several other advantages over

other ayes tnat nave been added to photoresists in the

past. In those cases, addition of a light-absorbing dye

presented at least one significant drawback that either

degraded or altered the photoresist's performance.

Sandia's studies have shown that addition of this dye

in concentrations of up to almost 10 g/L of photoresist

does not significantly change photoresist viscosity, re-

fractive index, thermal properties, or solubility in devel-

oper. Most importantly, the dye is strongly absorbing in

the desired light wavelength range of 390 to 450 nanome-
ters. It also has a low metal content, and addition of the

dye to the formula increases the cost effectiveness of

photoresist materials.

Ways to add dye studied

The dye now being used at Sandia is extracted from

natural sources. "We are carefully monitoring the best

way to add this dye to the photoresist formula so that the

dye's few naturally occurring impurities can be

efficiently filtered out prior to use," Renschler says.

"Shipley has supplied a synthesized version which we are

now evaluating."

Renschler developed the new dyed photoresist at the

request of process engineers who work at the Center for

Radiation-hardened Microelectronics (CRM), which is

located at Sandia. The CRM engineers needed a photore-

sist that would let them successfully pattern the metal

lines on a variety of devices, including a developmental

256K non-volatile memory chip.

FOR ADDITIONAL INFORMATION

Public Information Division,

Code 3161,

Dept. of Energy,

Sandia National Laboratories,

Albuquerque, NM 87185-5800

(505) 844-4207.

Refer to announcement 22, No. 7



Navy Manufacturing Technology

AM^F Automated Manufacturing Research Facility

National Bureau of Standards, Gaithersburg, MD 20899

Integrated Facility for Automated Hybrid Microcircuit
Manufacturing

The Integrated Facility for Auto-

mated Hybrid Microcircuit Manufac-

turing (IFAHMM) is a unique Navy

manufacturing technology project that:

(1) involves a strategic methodology

for modeling and planning the pro-

gram details, (2) promotes technology

transfer to and from the program,

(3) employs an ad hoc advisory

panel for on-going critiques of the

program, and (4) requires progressive

implementation of portions of the

program so that there will be benefits

from lessons learned as the program

progresses. The program was started

in 1986 and is scheduled for comple-

tion in 1989.

GOALS AND OBJECTIVES: The

primary objective of the IFAHMM
project is to develop a demonstration

facility for the flexible, cost effective,

and timely manufacture of a variety of

reliable hybrid microcircuit assemblies

(HMAs). The facility is to be estab-

lished by Teledyne Microelectronics

with BDM Corporation participating as

a subcontractor. The project repre-

sents a joint venture for developing

manufacturing technologies that com-

plement and enhance Teledyne's

prior modernization program. The

facility will: (1) be an automated,

integrated, model hybrid manufactur-

ing system, (2) establish specifications

for needed automated equipment, (3)

provide a test-bed for equipment

suppliers, and (4) serve as a mechanism

for transfer of technologies to and

from other DOD hybrid suppliers.

TECHNOLOGY TRANSFER: To
minimize duplication of effort, the

transfer of technology into the

IFAHMM program is assured by the

requirement to use, or provide

rationale for not using, results from

other related MT projects. The

technology from the program is

promoted by an active Ad Hoc

Advisory Panel (AHAP) consisting of

representatives from the tri-services,

DESC, NBS, academia, and the hybrid

industry. The AHAP critiques pro-

gram results and reports to assure that

the results are generic and benefit the

hybrid industry. Industry demonstra-

tions for each of the program phases

and the program reports also serve as

effective means of technology transfer.

PHASE I ACCOMPLISHMENTS:
The successful results of Phase I were

verified by implementing computer

integrated manufacturing techniques

for automatically wire bonding a

variety of hybrid microcircuits. In

addition, the following reports were

generated during Phase 1

:

1. IDEF
Q

As-ls Functional Model

2. IDEF As-ls Information Model

3. Needs Analysis

4. Strategic Planning Methodology

5. Phase I Final Report, including

a. To-Be Equipment Handbook

b. To-Be Enabling Technology

Handbook

c. Factory of the future Con-

ceptual Computer Architec-

ture System

d. To-Be IDEF Functional

Model

Three examples serve to show the

depth and essential details involved in

the Phase 1 IFAHMM accomplishments.

First, it was necessary to address 83

IDEF model nodes to ultimately

define all the separate areas involved in

making hybrid microcircuits. Secondly,

the needs analysis effort, i.e., getting

input from a cross section of those

involved in making hybrids, provided

204 suggestions to be considered.
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Finally, it was documented that 12%

of the hybrid production cost is for

touch labor and the balance is for the

support of touch labor (not consider-

ing the cost of material).

LESSONS LEARNED: A signifi-

cant number of lessons were learned

from the Phase I results, including the

need to minimize the cost of shop

floor control computer hardware and

software — thus the present IFAHMM
concept of using PC/AT units as cell

controllers. In addition, human

factors, including all levels of factory

management, were found to be equally

important as technology development.

FUTURE PLANS: Future plans

currently involve Phase II, the on-going

effort to establish and satisfactorily

implement the technologies necessary

for demonstrating 60% of the To-Be

model. Phase III plans call for the

balance of the elements needed for the

totally automated facility.

CONCLUSIONS: The IFAHMM
program has thus far: (1) successfully

demonstrated Phase I results, (2)

significantly benefited from the AHAP
(3) transferred resultant technology to

others (one hybrid maker reported

that using the IFAHMM IDEF
Q
model

saved them $200K), and (4) gained the

support and active involvement of sup-

pliers of hybrid processing and

assembly equipment.

Copies of reports and/or further

information on the IFAHMM program

can be obtained from the program

manager:

Commander,

Naval Ocean Systems Center

Attn: Mr. Richard Gamble (Code 9302)

San Diego, CA 92152

Telephone: (619) 225-6457,

A V 933-6457



IWNSATech Brief
National Aeronautics and
Space Administration

Langley Research Center, Hampton, Virginia

Energy-Saving RAM-Power Tap
A reverse-flow HEXFET® minimizes voltage drop and power dissipation.

A design for a power tap for a random-

access memory (RAM) could have poten-

tial application in digital systems where

conservation of power is of great impor-

tance. The RAM power is provided by plac-

ing a HEXFET® in series with a +5-Vdc

main power source, as shown in the figure.

The HEXFET® must be operated in the re-

verse direction. The normal current in an

n-channel device flows from the drain to

the source. In this application, current

flows from the source to the drain. "Power-

valid" signals are used to turn the device

on and off.

Current techniques for RAM power call

for a separate power bus to be indepen-

dent of the +5-V regulated power source,

requiring a separate + 5-V source or a tap

from this source isolated with a diode. This

diode causes a drop of 0.6 to 0.7 V in the

RAM power. By using a HEXFET® in the

reverse direction, a direct tap from the

+ 5-V source can be made with minimum
voltage drop and minimum power dissipa-

tion.

2N6788

Regulated

Power Supply,

+ 5V
r-N-A

ill M

To RAM
Power Bus
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1
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"Power Valid"

L Holdup
— Capacitors

l

The HEXFET® Scheme reduces the voltage drop by approximately 80 percent.

In the scheme shown, with a fully sa-

turated HEXFET® channel resistance of

0.30 ohm and a steady-state current of 350
mA, the total voltage drop is only 0.11 V,

compared with a 0.6-Vdrop using the isola-

tion diode. The RAM also requires a holdup

period upon loss of the main +5-V power.

The "power-valid" signal generat-
ed inside the supply is used to turn the

HEXFET® off, isolating the holdup capaci-

tors from the main source to provide the

necessary RAM hold-up power.

HEXFET® is a registered trademark of

International Rectifier Corp.

This work was done by Alan Roy Bruner

of Sperry Corp. for Langley Research

Center. No further documentation is

available. LAR-13515 /TN

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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IWNSATech Brief
National Aeronautics and
Space Administration

Licensing
Opportunity

More on Effects of Radia-

tion on Electronics

A bibliography is expanded.

A third volume in a series of bibliogra-

phies on radiation effects on electronics

covers the years 1982 and 1983. Previous

volumes covered the more recent interval

of 1984 and 1985.

The volume summarizes the literature

on the effects of total doses of radiation

and of test environments. The devices

range from simple Zener diodes to compli-

cated integrated circuits. Although the pri-

mary focus is on silicon, other semicon-

ductor materials are included — GaAs
and HgCdTe, for example.

Abstracts of 273 publications are pre-

sented. They are organized in alphabetical

order by names of principal authors, in the

following four categories:

1

.

Dose-rate effects,

2. New technology,

3. Post-irradiation effects, and

4. Test environments.

Many abstracts are the authors' origi-

nals. However, where the originals are

lenghty or vague, they have been edited for

use by radiation-test engineers and to fit

the standard format of the bibliography.

The abstracts are primarily from U.S.

sources, some are from British publica-

tions, and there are several translations

from foreign-language publications.

This work was done by Frank L Bouquet

of Caltech for NASA's Jet Propulsion

Laboratory. To obtain a copy of the report,

"Bibliography of Total Dose Radiation Ef-

fects on Electronics — Volume III,

"

Refer to NPO-17019.

Jet Propulsion Lab.

Technology Utilization

Mgr.: Norman L. Chalfin

Mail Stop 156-211

4800 Oak Grove Drive

Pasadena, CA 91109

(818)354-2240

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI

Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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IWNSATech Brief
National Aeronautics and
Space Administration

Ames Research Center, Moffett Field, California

Licensing
Opportunity

Portable-Beacon Landing System for Helicopters
An X-band system brings all-weather landing capability to remote sites.

A prototype beacon landing system

(BLS) allows helicopters to make precise

landings in all weather. The BLS can easi-

ly be added to existing helicopter avionic

equipment and can readily be deployed

at remote sites. Small and light, the

system employs X-band radar and digital

processing.

On the helicopter, an X-band receiver

and a small microprocessor operate in

conjunction with a standard instrument

landing system (ILS) and weather radar.

On the ground, an inexpensive portable

transmitter provides signals for reception

by the airborne components. The ground

station weighs only 70 pounds (32 kilo-

grams) and consumes only 30 watts of

power. It can be set up by one person in

10 minutes.

To begin a BLS landing, a pilot ap-

proaches using conventional navigation-

al aids until the helicopter is within range

of the BLS ground station. The ground

station contains an X-band transponder,

two microwave switches and their con-

trol circuitry, an antenna array, and a

24-volt battery. Because antennas can be

fairly small at X-band frequencies, the

ground unit is only 85 cm high. The air-

borne antenna is even smaller, being 1 .25

inches (3.2 centimeters) high. The ground

station produces four narrow, overlap-

ping beams oriented above, below, to the

left of, and to the right of the desired flight

path (see figure). The upper and lower

beams indicate the helicopter glide slope.

If the helicopter deviates from the desired

slope, one signal increases and the other

decreases in intensity. When the signals

from both beams are of equal intensity,

the aircraft is following the proper slope.

Similarly, the left and right beams in-

dicate the helicopter course. Deviation to

the left or right of the proper course is evi-

dent in the relative intensities of the left

and right beam signals.

In addition, the station produces two
wide sector beams. The BLS airborne

processor compares the amplitudes of

signals from those of the sector beams
with signals from the narrow beams and
rejects signals of lower amplitudes than

those of the sector beams. This elimi-

BLS LOCALIZER BEAM CONFIGURATION
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AIRBORNE EQUIPMENT

A Variety of Beams are pulsed sequentially by the ground station after an initial interroga-

tion by the weather radar of the approaching helicopter. (The upper and lower narrow beams
do not appear here.) The airborne microprocessor processes the pulses to determine the

glide slope, course deviation, and range.
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nates false course indications that would

be generated by side lobes.

Upon interrogation by the airborne

weather radar in the approaching heli-

copter, the ground station sends its first

pulses through an omnidirectional anten-

na, thus providing a wide-coverage reply

as to landing-site position and identifica-

tion. It then sends pulses in sequence

through the left-sector antenna, the upper

and lower precision antennas, the right-

sector antenna, the left-sector antenna

again, the left and right precision anten-

nas, and finally the right-sector antenna

again. The intervals between succeeding

pulses are 6 or 9 ^s. The microprocessor

counts the pulses and measures the in-

tervals to determine which pulse belongs

to which beam.

The airborne BLS antenna and recei-

ver are mounted in the helicopter ra-

dome. The 16-bit microprocessor ana-

lyzes the received X-band video signal to

calculate the range, the course and glide-

slope deviation, and the automatic gain

control for the receiver. The micropro-

cessor converts its deviation signals to

the ILS format, then feeds them to the ILS

receiver, which uses them to control the

autopilot and to display information to the

pilot. The range information is displayed

on the weather-radar screen or on a se-

parate digital display.

In the absence of an interrogation

signal from an airborne weather radar,

the beacon squitters at 100 pulse trains

per second. In this asynchronous mode,

the airborne unit receives course and

glide-slope guidance but no range infor-

mation. This mode makes it possible for

an aircraft without a weather radar to use

the BLS.

This work was done by Thomas J.

Davis and George R. Clary of Ames Re-

search Center andJohn P. Chisholm and
Stanley L Macdonald of Sierra Nevada
Corp.

Inquiries concerning rights for the

commercial use of this invention should

be addressed to the Patent Counsel,

Ames Research Center Refer to

ARC-11674/TN
Ames Research Ctr.

Technology Utilization

Officer: Laurance Milov

Mail Code 223-3

Moffett Field, CA 94035
(415)694-6370

Patent Counsel:
Darrell G. Brekke
Mail Code 200-11

Moffett Field, CA 94035
(415)694-5104

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE



IWNSATech Brief
National Aeronautics and
Space Administration

NASA's Jet Propulsion Laboratory, Pasadena, California

Power-Switching Circuit

Functions of circuit breakers, meters, and switches are combined.

A circuit (see figure) that includes power

field-effect transitors (PFET's) provides on/

off switching, soft starting, current moni-

toring, current tripping, and protection

against overcurrent for a 30-Vdc power

supply at normal load currents up to 2 A.

Unlike the double-pole, single-throw, relay-

driven mechanical switch that it replaces,

it has no moving parts. Under the

"fail-safe" circuit design, the failure of any

single component can result in an open

switch but not in a closed one: thus, two

such circuits can be wired in parallel to ob-

tain immunity to any single-point failure.

The switch is turned on by an "on" com-

mand pulse; it is turned off by an "off" com-

mand pulse. An overcurrent trip can also

be set on the bus side by a &digit binary

signal, which is converted to an analog vol-

tage and compared with the amplified vol-

tage developed across a load-current-

sensing resistor. As a backup, a fixed refer-

ence voltage provides a tripping current of

about 3 Aon the return side. When the cur-

rent exceeds either tripping current, a

comparator triggers a flip-flop that pro-

vides a logic signal to turn off one of the

PFET's. The flip-flop can be triggered to

turn the current on again with the same or

a different tripping current. Thus, the circuit
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The Switching Circuit acts as an adjustable, resettable, circuit breaker with no moving parts.
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acts as an adjustable, resettable circuit

breaker.

Resistor/capacitor combinations

(0.027 mF, 2 kQ) at the inputs of the current-

sensing amplifiers act as low-pass filters:

this introduces a few hundrea its of delay in

the response to overcurrent, thereby pro-

viding some immunity to noise, "me delay

does not seriously degrade protection

against current surges: the resistive vol-

tage divider for the gate of the return-side

PFET sets the bias at a level that allows the

PFET to conduct no more than 10 A.

The 0.022-fiF capacitors connected to

the drain terminals of the PFET's provide a

Miller effect, which reduces the rate of

change of the drain voltage and therefore

the rate of rise of current at turn-on. The

soft-turn-on time depends upon the load

impedance and is typically 100 to 200 ms.

This work was done by Gerald A. Praver,

Peter C. Theisinger, and John Genofskyof

Caltech for NASA's Jet Propulsion

Laboratory. NPO-16874 /TN •

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE



Technology Application

Sandia National Laboratory

Many Uses Envisioned for New Electrical Resistance
Probe

Scientists at Sandia National Laboratories have de-

signed and put into operation a unique instrument for

measuring changes in electrical resistance over micro-

scopic distances within integrated circuits or in grains of

conducting material.

The probe has wide-ranging applications—from the

better design of microcircuits to helping solve important

mysteries of superconductivity. Already it has been used

to precisely determine electrical properties in micro-

scopic components of integrated circuits. It has also

helped show that some new ceramic superconducting

materials appear to be superconductive only in thin

shells around each grain.

The measuring system, a micropositional electrical

probe, is thought to be the first instrument for making

contact resistance measurements on a microscopic scale.

A tiny movable arm, manipulated inside a scanning

electron microscope under control of a minicomputer,

moves a finely sharpened tungsten needle probe attached,

to a Sandia-designed three-axis piezo-mechanical driver.

The voltage can be measured at any point the needle is

made to touch.

Inverse of piezoelectric effect

The precisely controlled displacements are accom-

plished by applying precise voltages to the piezo drives,

which are made from stacks of ferroelectric ceramics.

The displacements are produced by the inverse of the

piezoelectric effect: application of a small voltage

changes the ceramics' dimensions slightly and moves the

needle arm.

The precision of the position-driving mechanism is

such that voltage measurements can be made along the

material at intervals as small as 250 angstroms, or 0.025

micrometers (a millionth of an inch). An angstrom,

0.0000000001 of a meter, is about the diameter of one

hydrogen atom.

"The microprobe lets you do measurements that are

dimensionally inaccessible without this apparatus," says

Sandia physicist Carl Seager, co-designer of the device.

One of the microprobe's first applications at Sandia

was to investigate electrical resistors. Seager and Sandia

colleague W. Kent Schubert used its unique capability to

determine precise electrical variations along the length

of small polysilicon load resistors. The resistors are

components on radiation-hard 16K random access mem-
ory (RAM) chips fabricated by Sandia's Center for

Radiation-hardened Microelectronics.

Tungsten needle tip of Sandia's micropositional electrical probe
in contact with a 10-micron-long resistor on s 16K random
access memory chip. The instrument system can measure
changes in electrical resistance over microscopic distances in

integrated circuits or in grains of conducting material

The measurements revealed some unexpected conse-

quences of the processing steps used to make the chips.

The 10-micron-long resistor was functioning as though it

were only 5 to 6 microns long. The measurements showed

clearly that the first and last 2 microns of its length were

not holding off any voltage. The lack of resistance near

the ends is apparently due to anomalously fast diffusion

of arsenic dopant from the adjacent heavily doped poly-

silicon during high-temperature annealing.

Should control anomalous diffusion

A calculation shows that this diffusivity is about four

orders of magnitude higher than the usual value in

single-crystal silicon. The accuracy with which these

effects can now be measured is expected to allow re-

searchers to understand and control this anomalous

diffusion.

Many other projects are now underway using the
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microprobe to solve Sandia problems with other electri-

cally conductive systems.

Entirely different objects of study are the new high-

temperature superconductive materials that have

become the focus of worldwide research attention this

year. Schubert and Seager, working with Sandia's

superconducting-materials research team, have used the

micropositional probe to examine whether the ceramic

material, yttrium barium copper oxide (Y! 2Bao 8Cu04 ), is

uniformly conductive throughout its granular structure.

(The material is composed of irregular grains 10 to 20

microns in size.)

Magnetic and optical measurements indicated that

not all the material was superconducting. The microposi-

tional electrical probe was then used to study the electri-

cal variations at the microscopic, granular scale. A flat,

polished slice of the material was connected to a small

source of current, and the microprobe's needle was put

into contact with various parts of the granular structure.

The needle's position in relation to the grain structurt

could be viewed through the scanning electron micro

scope and varied precisely.

Thin shell is superconducting

When the needle was contacting the interior of the

grains, no current could be drawn. The interiors of the

grains were acting like insulators, and therefore could

not be superconducting. Only when the needle contacted

the boundary, or shell, of the grain, did current flow.

Thus, apparently only a thin shell 1 to 2 microns thick

around each grain of the material is in fact superconduc-

tive. This shell represents perhaps 5 to 10 percent of the

entire material.

Full details of this research are to be reported by

chemist David Ginley and colleagues with Sandia's su-

perconducting materials research group.

"Essentially by no other technique could you go in and

make that kind of measurement," says Seager.

The micropositional probe has also been used at San-

dia to characterize the current flow in diodes and to learn

more about the nonlinear behavior of varistors—voltage

controlled resistors—on the granular scale. Other appli-

cations are being pursued as well.

Seager is in Sandia's Semiconductor Physics Division.

Schubert is in the Electronic Properties of Materials

Division.

FOR ADDITIONAL INFORMATION

Public Information Division,

Code 3161,

Dept. of Energy,

Sandia National Laboratories,

Albuquerque, NM 87185-5800

(505) 844-4207.

Refer to announcement 22, No. 8



U.S. Air Force

Technology Note

Holographic Detection of Latent Defects in Printed
Circuit Boards

A project was aimed at seeing whether holographic interferometry (H.I.) could

be used in evaluating standard environmental stress screening methods currently

used to select and qualify printed circuit boards (PCB). To do that it should

be proven that H.I. is capable of detecting defects in a PC board that have
been brought about by the stress screening procedures. Hence, the objectives

of this project were to determine:

a) if holographic interferometry can identify the most common circuit board

defects before the components fail (component failure due to internal flaws

excluded),

b) if holographic interferometry can locate defects which have evolved into

failure, and

c) if holographic interferometry can locate and detect the onset of defects on

PC boards (sensitivity).

To achieve the objectives, introduced defects and defects induced by thermal and
vibrational stressing were used in the study. Defect identification was through

the perturbations in the H.I. fringes on the boards. Some of the defects were
detected when the circuits were electrically functional. These defects were
solder cracks (cuts), partial trace separation and trace separation at solder joints.

H.I. also succeeded in revealing components that have been disconnected either

through snipping or desoldering. This displays H.I.'s ability to pinpoint failed

components as well. Another important feature of H.I. that was revealed in

this study is its capacity to expose simultaneously more than one defect if

present in the examined region of the PC board.

On surface mounted devices (SMD) boards, H.I. was successful in mapping out

stress distribution across the boards and in revealing differential thermal expansion

between chip carriers and the boards. The latter led to the curling of the board

underneath the chip. This results in a pushing action on the chip carrier which
ultimately leads to the component failure.

Vibrational stressing of the PC boards revealed that multi-axis random shaking

is the best way to bring out latent defects. It was also found that simultaneous

thermal and vibrational stressing will be most effective in stress screening the

boards.

In many of the studies, even after the defects were detected, the circuit was
found to be functional. This result implies that circuit defects can be detected
before the components fail. It was demonstrated in definite terms that holo-

graphic interferometry can indeed ferret out circuit flaws in printed circuit boards

and hence, can be an effective tool in on-line inspection as well as in evaluating

standard environmental stress screening methods. Usual inspection of stress

screened boards is through techniques such as image processing, board power
loading, etc., and defects in the board are identified only after the components
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fail. However, the above property of H.I. will help identify those defective
regions earlier in the screening process and hence, can cut down the number of

stress cycles needed to screen the boards. Another advantage of holographic
inspection is that it does not require the boards to be powered. This lets the

board mount to be simple and straight forward.

FOR ADDITIONAL INFORMATION: A copy of the report is available from NTIS,
Springfield, VA 22161; (703) 487-4600.

NTIS order number: AD-AI80436/8/NAC
Price code: A05

To discuss this effort further, contact

Danny L. Cooper
Air Force Flight Dynamics Laboratory, OH 45433-6553

(513) 255-6078.
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IVIASATech Brief
National Aeronautics and
Space Administration

Ames Research Center, Moffett Field, California

Licensing
Opportunity

Tester for Multiple-Conductor Cables
Faults are revealed in a pattern and sequence of lights.

A portable testing circuit enables a tech-

nician to determine quickly whether there

are wiring errors in a multiple-conductor

electrical cable or its terminal connectors.

The circuit was designed for the onsite

testing of standard RS232 computer-termi-

nal cables with 25-pin connectors; the

basic design can be altered for more or

fewer than 25. The tester includes an ac-

tive unit, which is plugged into the cable at

one end, and a passive unit, which is

plugged in at the other end.

The passive unit, about the size of a can-

dy bar, contains 24 light-emitting diodes ar-

ranged in a pattern matching that of con-

nector pins 2 through 25. The anodes of

the diodes are connected to pins 2 through

25; and the cathodes, to pin 1 . (Pin 1 and

conductor 1 of the cable are used as the

current return.)

The active unit (see figure) includes a

timer, a one-shot, a flip-flop, and shift

registers that apply a voltage in turn to

each pin except pin 1 . Switch 2 is used to

select two different sequences. In se-

quence 1 (switch 2 closed), a voltage is ap-

plied for one-half second to pins 2 through

25 in succession. The cycle repeats after

pin 25. The count can be reset to the begin-

ning by momentarily closing switch 3. Se-

quence 1 is preferred by most technicians

for identifying crossed connections.

In sequence 2 (switch 2 open), a con-

tinuous voltage is applied first to pin 2, then

to pin 3, and so forth until the voltage is ap-

plied to all the pins. Next, the voltage is
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The Active Unit of the Tester is made of inexpensive integrated circuits and other readily available components. The timer and one-shot gen-

erate pulses, which are counted by the shift registers. The shift-register output terminals are wired to the connector pins so that a voltage is

applied to each pin in sequence.
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removed in turn from pins 2 through 25.

The cycle then repeats. Technicians prefer

sequence 2 when looking for missing con-

nections.

To interpret the test results, it is neces-

sary to know which pins are supposed to

be connected to which conductors. For ex-

ample, in a typical computer-terminal

cable, pins 1 through 8, 20, and 25 of one

connector should be connected through

the corresponding wires to the corres-

ponding pins of the connector at the other

end. Five possible conditions might be ob-

served in a test of this cable:

1

.

Diodes 2 through 8, 20, and 25 light In

sequence. The others remain dark. This

indicates a good cable with correct con-

nections at both ends.

2. None of the diodes lights up. Most

likely this means that pin 1 is not con-

nected, conductoM is interrupted

somewhere, or conductor 1 is connect-

ed to the wrong pin at one or both ends.

Although it is unlikely, such a test result

could mean that all of pins 2 through 8,

20, and 25 are disconnected.

3. One or more diodes light out of se-

quence. For example, diode 3 lights

before diode 2, then diode 4 lights, and

the sequence is correct after that. This

means that the connections for pins 2

and 3 are reversed.

4. One or more diodes corresponding

to desired connections do not light,

or diodes light at locations for which

there should be no connections. For

example, if diode 5 does not light but

diode 17 does, then the wire from pin 5

at the active-unit end has been errone-

ously connected to pin 1 7 at the passive-

unit end.

5. Two or more diodes light at the same
time. For example, if diodes 2 and 3 light

at the same time instead of in sequence,

then there is a short between pins 2 and

3.

This work was done by Manfred N. Wirth

of Ames Research Center and Larry

Kellogg of Bendix Field Engineering Corp.

Inquiries concerning rights for the com-

mercial use of this invention should be ad-

dressed to the Patent Counsel, Ames Re-

search Center Refer to ARC-11569/TN

Ames Research Ctr.

Moffett Field, CA 94035

Technology Utilization

Officer: Laurance Milov

Mail Code 223-3

(415)694-6370

Patent Counsel:

Darrell G. Brekke

Mail Code 200-11

(415)694-5104

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airpon, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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Technology Application

Sandia National Laboratory

Terrestrial Applications Considered for Satellite

Battery

A specialized type of battery now used as a power

source in communication satellites may be adapted for

some remote applications on Earth, according to a San-

dia National Laboratories battery researcher.

Developed in the early 1970s as an energy storage

device for satellites, nickel/hydrogen (Ni/H 2) batteries

are rugged, long-lived, and almost maintenance-free.

They perform well at low temperatures, and they can

undergo thousands of charge/discharge cycles and con-

tinue to work well.

Unfortunately, they are also expensive, but costs are

expected to come down as the technology for making

them is improved and mass production economies of

scale come into play.

Donald M. Bush of Sandia's Storage Batteries Divi-

sion leads a joint Sandia/industry project to see if highly

reliable, multi-cell Ni/H
2
batteries can be built to operate

for 20 to 30 years at costs that make them economically

feasible for terrestrial applications. Experimental batter-

ies for such applications are now being tested and evalu-

ated at Sandia.

Possible photovoltaic applications

Bush believes sealed nickel/hydrogen batteries will

find various uses as remote energy-storage devices, but

they are now envisioned primarily for storing power

generated by photovoltaic systems—solar-electric sys-

tems that convert sunlight directly into electricity. He
says most photovoltaic systems today use conventional

lead/acid batteries, which require frequent maintenance

and periodic replacement.

The lack of long-lasting, affordable energy-storage

devices is one of the problems holding back wide adop-

tion of stand-alone photovoltaic systems. Such systems

would allow electricity to be used as it is generated by

photovoltaic cells during sunny periods or to be stored

chemically for use at night and during cloudy periods.

Bush says such systems may be used first to support

health-care facilities in remote parts of the world, for

example, to power a refrigerator used to store vital

medicines that must be kept cool.

Nickel/hydrogen batteries being considered for terres-

trial applications generate 1.2 V/cell, the same as satel-

lite batteries, but they are configured much differently.

The satellite batteries consist of a series of individual

cells, each sealed inside its own pressure shell that resem-

bles the small propane cylinders used on camp stoves and
lanterns. The cells are linked to make a battery with the

desired voltage. When fully charged, gas pressure inside

each cell typically builds to about 500 pounds per square

inch (psi).

Electrode

Terminal

Pressure Vessel

End Plate

Hold-Down
Strap

Water Line

Module
Components

Screen

Negative

Separator

Positive

Screen

Positive

Separator

Negative

Screen

Schematic of a six-cell nickel/hydrogen battery now being

tested with a photovoltaic array at Sandia National Laborato-

ries. Twenty-one positive and negative electrodes are assem-

bled to make a single cell, with the cells connected through the

wall of the case. Hydrogen gas generated during charging is

contained within the pressure vessel that surrounds the battery.
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One of the experimental Ni/H 2 batteries for terrestrial

use that is being tested at Sandia looks much like a

common lead/acid automotive battery. All six of its cells

are assembled into an injection-molded polypropylene

container, which is enclosed inside a pressure vessel.

This particular battery has a capacity of 100 ampere

hours (Ah), about the size of a typical deep-discharge

battery used to power the lighting system inside a recre-

ational vehicle. The latest design of this battery operates

at temperatures up to 30°C (86°F) without any need for

active cooling.

Hydrogen gas generated

Nickel/hydrogen batteries generate hydrogen gas

when charging. The gas forms at the negative electrode

from the electrolysis of water in the potassium hydroxide

electrolyte and is contained within the pressure vessel.

When energy is needed from the system, the hydrogen

inside the vessel is oxidized into water, and electrons flow

outward in a useable current of electricity.

Excess gas pressure does not build up either in the

battery or the pressure vessel. Bush explains, "When the

battery is charging, the nickel hydroxide of the positive

electrode is oxidized to higher valence forms. If the

charging source remains connected when all of the avail-

able nickel hydroxide has been converted, the oxygen

generated at the positive electrode combines rapidly with

hydrogen evolved at the negative electrode to form

water."

At full charge, the gas pressure inside typical experi-

mental terrestrial Ni/H 2 batteries builds to between 50

and 250 psi, depending on such factors as battery size

and volume of the pressure vessel.

It is easy to continually monitor the state of charge for

the Ni/H 2 battery because the hydrogen pressure is a

direct indicator of charge. Thus, a standard pressure

gauge is all that is required.

Another advantage of nickel/hydrogen batteries is

that they can be deeply discharged without damaging
them. This eliminates the need for a controller device

between the battery, array, and load.

The experimental batteries and cells being tested at

Sandia were designed and developed by COMSAT Lab-
oratories of Clarksburg, Maryland, and Johnson Con-
trols of Milwaukee, Wisconsin, under a cost-sharing con-

tract with Sandia.

The contractors recently designed thicker positive

electrodes that make possible Ni/H
2 batteries with ca-

pacities of more than 150 Ah. Johnson Controls is sched-

uled to deliver a 300-Ah, 24- V, 7-kWh battery to Sandia

in September. It will be incorporated into an experimen-

tal field-scale photovoltaic system.

FOR ADDITIONAL INFORMATION

Public Information Division,

Code 3161,

Dept. of Energy,

Sandia National Laboratories,

Albuquerque, NM 87185-5800

(505) 844-4207.

Refer to announcement 22, No. 7
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NAVY
Domestic Technology Transfer Fact Sheet

Safety Characteristics of Lithium Primary and
Secondary Battery Systems

A study was conducted to assess the safety characteristics for both primary

and secondary lithium electrochemical systems. Of particular interest is the

electrical and thermal abuse test procedures prescribed in NAVSEANOTE 9310.

These abusive tests include short circuit, forced overdischarge, charge, and

battery safety matrix wherein certain electrochemical systems, cell designs,

or cell types which have exhibited exceptionally safe characteristics under

abusive conditions may be exempt from some or all of the NAVSEANOTE 9310
test procedures. The focus of the study concerns the six major primary
lithium systems of most interest to the U.S. military establishment: Li-CuO,
Li-Mn0 2 , Li-(CF ) , Li-S0 2 , Li-S0 2 Cl 2/ and Li-SOCl 2 . Other lithium primaries
included are: the Li-Aqueous electrolyte systems, Li-CuS, Li-I 2 , the Li-Iron

Sulfide systems, the Li-alloy thermal batteries, and the Li-V^Oc based systems.

Secondary lithium systems included in this study are: Li-CI 2 , Li-MoS 2 , and Li-TiS 2 .

The electrochemical/chemical, mechanical, thermal, and electrical safety methods,

designs, or devices which serve to prevent thermal runaway, venting, or rupture

also are detailed. Current policies, regulations, and practices relative to the

safe transport, storage, and disposal of lithium batteries are given.

FOR ADDITIONAL INFORMATION: A copy of the report is available from NTIS,

Springfield, VA 22161; (703) 487-4600.

NTIS order number: Ad-A181040/7/NAC
Price code: A03

To discuss this effort further, contact Robert M. Murphy, Advanced Battery Group,

269 Westwood Road, Lancaster, NY 14086.
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(WNSATech Brief
National Aeronautics and
Space Administration

Computer
Software

Program for Paraboloidal

Solar Concentrators

The optical performances of

design alternatives can be

estimated.

The Solar-Concentrator Code for Para-

boloidal Dishes (SOLCOL) aids in the de-

sign and analysis of solar collectors in a

space station. SOLCOL calculates the

quality of the solar image and the flux distri-

bution on a specified target surface. The

receiver target may be the focal plane, a

cylinder, a hemisphere, or any arbitrary

surface, the normals to which can be sup-

plied. SOLCOL can be used to assess the

optical performance of the concentrator.

The examples provided in the documenta-

tion compare the distribution of flux on re-

ceivers of different shapes and investigate

the effects of different reflector materials.

The input parameters defining a con-

centrator system are grouped in the follow-

ing three categories:

1

.

The solar-optics variables include the

reference flux, the profile of the solar

disk, the distance to the sun, the specu-

larity, and the reflectance.

2. The geometrical specifications of the

concentrator include the focal length

and coordinates of the collector dish

and concentrator.

3. The target-position and flux-distribution

format parameters include the size and

shape of the aperture, the mesh defini-

tion, and the surface normals.

The solar radiance is chosen as one of

the following models: a uniform solar disk,

limb darkening based on either a Kuiper

distribution or the Angstrom approxima-

tion, or a Gaussian sun-shape distribution.

There are also options for target shading

and blocking. Output from SOLCOL con-

sists of the flux intensity in kilowatts per

square meter at up to 400 user-specified

target points.

SOLCOL is written in FORTRAN 77 for

batch execution and has been implement-

ed on a UNIVAC 1100-series computer
operating under EXEC 8. This program was
developed in 1985.

This program was written by Liang-Chi

Wen, and Philip O'Brien of Caltech for

NASA's Jet Propulsion Laboratory.

NPO-16870/TN

FOR ADDITIONAL INFORMATION
CONTACT:

COSMIC®
112 Barrow Hall

University of Georgia

Athens, GA 30602

(404) 542-3265

«
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Technology Application

Oak Ridge National Laboratory

USE OF A HIGH-SPEED DATA ACQUISITION SYSTEM
TO DETERMINE THE BENEFITS OF DISTRIBUTION AUTOMATION

Instrumentation normally used on electric

power systems does not have fast enough data

sampling rates and response times to measure

system perturbations of distribution automation

features such as reactive power control, voltage

control, load management, and load transfers.

The normal dynamic response of the distribution

system caused by customer loads being turned

on and off masks the small changes that are

important to analyzing the results of distribution

automation and load management control actions.

Part of the perceived benefits of distribution

automation is reduced distribution system losses,

improved voltage, and improved reactive power

control. However, determining if these benefits

exist is difficult because they are small

incremental changes being made to the operation

of the distribution system. For example, the

typical distribution has 8% system losses. If a

distribution automation system further reduces

losses to 7.5% or 7%, then to confirm this

improvement, one must be able to quantify this

0.5% to 1.0% change in losses.

A high-speed data acquisition system has been

used to monitor and record the small system

changes due to capacitor switching, voltage

control by load-tap-changer transformers, cycling

of residential space heating and cooling

equipment, and load transfers between feeders.

The data measured by the system have been

very useful in modeling of the Athens Utilities

Board in Athens, Tennessee, and have resulted in

a unique modeling procedure for predicting the

distribution system response to automated

control actions. This system has been valuable to

the understanding of real-time control and

operation of distribution systems.

The general purpose minicomputer-based

portable data acquisition system developed by

the Instrumentation and Controls Division at Oak

Ridge National Laboratory has provided support

for a variety of experiments at the Laboratory.

The system, as shown in Fig. 1, is set up for

data collection in a substation. The system

includes a minicomputer (DEC PDP 1 1/23), a

30-MB fixed disk drive, a 14-bit analog-to-digital

converter, precision filters to reduce signal noise,

an external trigger to set variable sampling rates,

and software for data acquisition and post-test

graphic analysis.

The portable system features an aggregate

data scan rate of 250- 10,000 samples per

second over 10 channels of input signals. The

system is capable of recording approximately

5 million samples, which is 5.33 hours of data at

the low sampling rate and 8 minutes of data at

the high sampling rate. After a test has been

completed, data are transferred directly from the

fixed disk to another minicomputer for analysis

and archival storage. Onboard plotting utilities

allow in-the-field analysis. The plotting utilities
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Fig. 1. The high-speed data acquisition system is set up in the back of a utility van parked in a substation.

The pieces of equipment shown are precision filters for noise reduction (bottom left), an oscilloscope for

monitoring one data channel (top left), A/D converter and minicomputer (bottom center), CRT console (top

center), graphics CRT (bottom right), and printer (top right).

allow the plotting of voltage (kV), real power

(kW) and/or reactive power (kVar) by a single

phase or by all three phases. The signal inputs to

the system are quick disconnect "clip-leads"

connected to the existing voltage and watt/var

transducers at the substation circuit breakers or

at monitored/controlled distribution equipment.

The system can be transported in a car and set

up in an hour.

Additional information:

S. L. Purucker et al., Athens Automation and Control

Experiment: Project Review Meeting, Knoxville, Tennessee,

December 3-5, 1985, ORNL/TM-10021 , Oak Ridge

National Laboratory (August 1986).

S. L. Purucker et al., Athens Automation and Control

Experiment: Substation and Distribution System Automation

Designs and Cost, ORNL/TM-9596, Oak Ridge National

Laboratory (June 1986).

S. L. Purucker et al., Athens Automation and Control

Experiment: Project Review Meeting, Dallas, Texas,

December 5-6, 1984, ORNL/TM-9758, Oak Ridge National

Laboratory (May 1986).

National Technical Information Service

U.S. Department of Commerce

5285 Port Royal Road

Springfield, VA 22161
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Technology Application

Oak Ridge National Laboratory

FIBER-OPTIC REFRIGERATION CYCLE MONITOR

The measurement of absorbent

concentration is a key parameter in assessing the

performance of absorption heat pump systems.

The Fiber Optic Refrigeration Cycle Monitor

(FORCM) is a device capable of making multiple

and in situ real-time measurements of absorbent

concentration at user-definable points within

absorption heat pump machines. The active

element of the FORCM sensor is the exposed

segment of the quartz core of a multimode fiber

optic. Changes in fluid refractive index alter the

angle at which light rays are internally reflected at

the core-fluid interface, thereby altering the light

transmission efficiency of the fiber. This change

in transmission efficiency is related to the fluid

composition. The unclad portion of the fiber optic

is placed at the point within the system at which

the fluid composition measurement is desired.

Any number of sensors can be installed within a

test apparatus. A thermocouple junction adjacent

to each fiber measures the local fluid

temperature. The combination of local

concentration and temperature measurements

provides detailed data on the heat and mass

transfer processes occurring within these

systems. This information is important in the

design of more energy-efficient absorption heat

pump systems.

A prototype system was developed and

then described in the technical literature. A

second generation system has been designed (see

Fig. 1) and assembled and is being used to obtain

heat and mass transfer data for liquid films on

the surfaces of the heat exchange tubes within a

miniabsorber test apparatus (see Fig. 2).

The monitor can be used as a research tool

during the design, testing, and evaluation of new

absorption heat pump systems to significantly

decrease the development costs and to improve

operating efficiency of the resulting product. The

monitor has possible application as an on-line

sensor to control advanced-cycle heat pump

systems.

Because refractive index is a general property

of solutions, the monitor is applicable to any

situation where the composition of binary (and in

selected cases, ternary) mixtures must be known.

Because of the low cost of this monitor, other

possible applications include its use as an on-line

monitor in such diverse industries as bulk

chemical manufacturing and food and beverage

production.
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Additional information:

Office of Technology Applications

Information Service

Martin Marietta Energy Systems, Inc.

P.O. Box X

Oak Ridge, TN 37831

Telephone (615) 574-4192; FTS 624-4192

D. T. Bostic et al., "Real-Time In-Situ Refractometer for

Concentration Measurements in Absorption Machines,"

ASHRAE Trans. 92, Pt. 2B, 174-86 (1986).

Fig. 2. Typical real-time data obtained with

the system. The solid curve refers to LiBr concentration in

the liquid film on the indicated heat exchange tube. The

dashed curve represents the pressure inside the

mimabsorber.



NBS technology update
National Bureau of Standards
U.S. Department of Commerce
Gaithersburq, MP 20899

New Acoustic Technique Promises Better Way to Evaluate In-

stallation of Home Thermal Insulation

National Bureau of Standards (NBS) re-

searchers are completing testing of a new
measurement technique, based on
acoustics, that shows considerable

promise for quality control in the manu-
facture of insulation and could also be the

basis for efficient, low-cost tools for eval-

uating loose-fill attic insulation after it is

installed.

Loose-fill thermal insulation is a light,

fluffy material-typically fiberglass, min-
eral fiber (rock wool), or treated cellulose-

-which is installed in attics, crawl

spaces, or walls by blowing the fiber into

the space to be insulated.

Measurement difficulties in assessing
loose-fill insulation have raised concerns
about problems with quality control and
consumer protection. In 1982, for exam-
ple, the Florida state attorney's office

tested 639 homes as part of an investiga-

tion and found that about 70% of the
houses insulated by some contractors had
less than 90% of the insulation claimed to

have been installed. A similar investiga-

tion of an insulation certification pro-

gram by the state of Georgia found that

over two-thirds of the "certified" homes
actually had less than 90% of the required

insulation.

The effectiveness of home insulation is

measured in terms of its thermal resis-

tance, or "R-value". Directly measuring
the Rvalue by classical thermal tech-

niques typically requires several hours in

the laboratory and several days under
field conditions. The uncertainty of R-

value measurements made under field

conditions also may be quite large. For
these reasons, it has been customary to

measure a quantity-the coverage in

pounds per square foot-that is related to

the R-value of installed insulation rather

than to measure the R-value directly.

For a given insulation product, the R-
value depends upon the thickness and the

density of the insulation after it is in-

stalled . At present, the only practical

field method for determining the cover-

age of loose-fill insulation involves mea-
suring its thickness at multiple locations

in the attic, taking core samples at each
of these locations using a tool resembling
a giant cookie cutter, removing the insu-

lation samples in plastic bags, weighing
them, calculating the density, and then
replacing the samples.
In addition to being tedious and time-

consuming, this technique requires an
inspector to move throughout much of the
attic by walking on joists that are hidden
beneath the insulation without falling

through or damaging the ceiling of the
room below. This "cookie-cutter" tech-

nique has proven to be expensive and
somewhat unsafe, and its use may result

in significant disruption of the installed

insulation.

Researchers in the NBS Center for

Manufacturing Engineering-funded by
the Mineral Insulation Manufacturers
Association, the U.S. Department of En-
ergy, and NBS-have developed a high-

speed method for indirectly measuring
either the coverage or the Rvalue of cer-

tain types of loose-fill insulation by pass-

ing sound waves through a sample of

material and measuring the sound
insertion loss (i.e., the decrease in sound
level) caused by the insulation at various

frequencies.
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In the laboratory system developed by
the Acoustic Measurements Group at

NBS, pulses of sound containing energy
in the frequency range of 2.5 to 25 kilo-

hertz (approximately the upper octave of

a piano to somewhat beyond the upper
limits of human hearing) are projected

through a sample of insulating material.

The samples of insulation are contained
in individual baskets which have
acoustically transparent bottoms and are

supported inside a specially designed test

chamber.
The sound insertion loss of loose-fill in-

sulations has been found, for a given in-

sulating material, to correlate quite well

with the coverage (mass per unit area) of

the material, rock wool insulation is

somewhat problematic, according to re-

searchers, because of the presence of

fused material (shot).

The most accurate determinations of R-
value are made using laboratory thermal
instruments called guarded hot-plates.

When comparing results obtained for the

R-values of a variety of samples of

insulation using the extremely accurate
1-meter guarded hot-plate designed and
built in the NBS Center for Building
Technology with results obtained for the

sound insertion loss of the same samples,
good correlation was found between the

results of the two methods.
Researchers say that a version of the

laboratory apparatus used at NBS could

be useful to insulation manufacturers for

quality control. The acoustic test appara.

tus collects and analyzes data in a few
minutes and yields results that would re-

quire several hours to obtain using ther-

mal measurement procedures. More-
over, they say, the principles could be ap-

plied to field instrumentation for charac-

terizing insulation installed in attics by
using acoustic probes either suspended
over the insulation, or inserted into the
insulation through holes bored in the
ceiling. Two NBS researchers, Gerald V.

Blessing and Daniel R. Flynn, recently

were granted a patent for various design
concepts for a field instrument utilizing

these ideas.

The results of the NBS experiments
have been presented to ASTM Committee
CI 6 on Thermal Insulation, which is in-

terested in the acoustic technique as a
possible ASTM test method. In addition,

ASTM has agreed to coordinate an effort

to raise the funds needed to develop a
practical field instrument based on
acoustic measurements of installed loose-

fill insulation.

For Additional Information:

To discuss this effort further, contact

Dr. Dale Newbury,
Chemistry Bldg., Room A121,
National Bureau of Standards,
Gaithersburg, Md. 20899;
(301)975-3921
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NAVY
Domestic Technology Transfer Fact Sheet

Portable Cooling System Designed

A bench model, dry-ice, liquid-pulse-

pump, portable cooling system, developed

by the Navy Clothing and Textile

Research Facility, provides conduction

cooling to personnel subjected to heat

stress.

The system, small and light enough

to carry, dissipates heat loads greater than

those created by personnel performing

light to moderate work activities and re-

quires no electrical power source.

A unique feature of the system is the

use of the carbon dioxide gas given off

by the dry ice as it sublimes, when cool-

ing the heat transfer liquid and from am-

bient heating, to power the pump which

circulates the liquid between the dry ice

heat exchanger and liquid cooling

garment.

The system has potential application

in many situations where heat stress to

personnel is known to occur. For instance

crashcrew firefighters can be debilitated

by the heat when dressed in their turnout

clothing during runway standby opera-

tions in warm climates. In the event an

emergency fire condition occurred dur-

ing this time, their ability to perform

effectively would be questionable.

Explosive ordnance disposal (EOD)

personnel are required to perform

multifunctional duties under all climatic

conditions and for many applications are

dressed in impermeable protective

clothing. The combination of im-

permeable clothing, work effort, and

warm or hot climatic conditions would

obviously limit effective work time if

no active body cooling system is used.

Engine- and boiler-room ship person-

nel required to function normally and

perform special repair missions in hot-

humid locations in machinery spaces are

prime heat stress candidates.

For Additional Information:

Backup material on this effort is available

from:

Navy Domestic Technology Fact Sheet

Reader Reply Service

CodeE211
Naval Surface Weapons Center

Dahlgren, VA 22448-5000

(703) 663-8921

Refer to 120502/TN
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IWNSATech Brief
National Aeronautics and
Space Administration

Ames Research Center, Moffett Field, California

Redundant Control for Air-Circulation Valves

Helicopter-rotor control remains even if two computers fail.

Four computers that control airflow to

an "X-wing" helicopter rotor have been ar-

ranged in a redundant configuration that

ensures that the circulation control of the

rotor will continue to function even if two of

the computers fail. The rotor uses 48 valve

actuators that regulate the distribution and

quantity of air flowing from the leading and

trailing edges.

Interconnecting springs between adja-

cent actuators permit indirect control of a

disabled actuator to a position approxi-

mately midway between the adjacent ac-

tuators. Logic circuitry governs the opera-

tion of computers and valves according to

the following criteria:

• Air blowing at the four stopped-rotor loca-

tions must be controlled by all four com-

puters.

•Valves immediately adjacent to the

stopped-rotor locations must be con-

trolled by all four computers: this ensures

that the stopped-rotor valves can be con-

trolled by interconnected springs in case

of an actuator or dual-computer failure at

any of the stopped-rotor locations.

• No two computer failures shall result in

loss of two adjacent valves or two of

three adjacent valves.

•The effects of two computer failures, in

any combination, must be distributed

among an equal number of equally

spaced valves.

Each valve is controlled by one of six

computer combinations — AB, CD, AC,

BC, AD, or BD. The 6 allowable failure pat-

terns are distributed around the 24 valves

on the leading edges and the 24 on the

trailing edges (see figure). If the pattern

begins at one of the stopped-rotor blowing-

control actuators, criterion 1 is met.

777/s work was done by R. Johnson, Jr.,

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

AB X X

CD X X

AC X X

BC X X

AD X

BD X

I L n

Stopped-Rotor Blowing Control
T

TRAIUNGEDGE ACTUATOR CONTROL

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

AB X

CD X

AC X X

BC X X

AD X

BD X

J [

. Stopped-Rotor Blowing Control

LEADING-EDGE ACTUATOR CONTROL

This Valve-Control-Redundancy Scheme ensures that the effects of failure are distri-

buted and that rotor control can be maintained. The X's indicate which valves would be

disabled by a given combination of computer failures. For example, if computers A and D
were to fail simultaneously, only trailing-edge valve actuators 5, 1 1 , 17, and 23 and leading-

edge valve actuators 3, 9, 15, and 21 would not be under direct control.

B. Trustee, and W. Fischer of United Center. No further documentation is

Technologies Corp. for Ames Research available. ARC-11531 /TN

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI

Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE

<
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IWNSATech Brief
National Aeronautics and
Space Administration

Marshall Space Flight Center, Alabama

Licensing
Opportunity

Applying Tape in

Vacuum or Air

Cost and complexity may be

reduced.

A device applies adhesive second-sur-

face-mirror tape to flat surfaces. The use of

the device replaces the previous applica-

tion of tape by a time-consuming and labor-

intensive procedure of autoclaving in

vacuum bags.

The device was developed to test the

feasibility of applying thermal-control tape

to radiator panels in the Space Station.

Repairs could then be made in orbit; it

would be unnecessary to return radiators

to Earth for refurbishment. The device can

be used in air, possibly as part of a ter-

restrial fabrication process. However, if the

taped item is to be exposed subsequently

to a vacuum, the possibility of the forma-

tion of bubbles of trapped air must be taken

into account.

Housed in a vacuum chamber, the de-

vice presses a tape dispenser against a

panel (see figure). As a manipulator pulls

the panel under the dispenser, tape from a

roll adheres to the panel and forms a long

strip. The tape liner is separated from the

tape as the tape is dispensed. When a strip

has been laid down, a threaded rod can be

rotated to index the device to a new posi-

tion for application of an adjacent strip.

This work was done by Karyn S. Downs
and Kenneth A Karki of Martin Marietta

Corp. for Marshall Space Flight Center.

No further documentation is available.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-

dressed to the Patent Counsel, Marshall

Space Flight Center Refer to

MFS-28187 /TN

George C. Marshall

Space Right Center
Technology Utilization

Officer: Ismail Akbay
Code AT01
Marshall Space Flight

Center

AL 35812
(205) 544-2223

Patent Counsel:

Leon D. Wofford, Jr.

Mail Code CC01
Marshall Space Flight

Center,

AL 35812

(205) 544-0024

0093



The Taping Device lays down a strip of tape as the panel moves underneath.

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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fWNSATech Brief
National Aeronautics and
Space Administration

Ames Research Center, Moffett Field, California

Licensing
Opportunity

Electromagnetic Repulsive Deicer for Aircraft

A proposed lightweight device would eject ice with minimal power drain.

A scheme for removing ice from air-

foils in flight would add little weight and
demand a relatively small amount of ener-

gy. Employing the electromagnetic repul-

sion of conductors embedded in a rubber

covering on an airfoil, the scheme breaks

up a layer of ice by snapping it in the man-
ner of snapping a rug to remove dust.

The electrorepulsion principle prom-

ises to make deicing more practical for

helicopter rotors as well as for wings on

fixed-wing aircraft. It avoids the disadvan-

tages of conventional deicing methods.

For example, melting ice by resistance

heaters adds substantially to the electri-

cal power demand in an aircraft and
therefore to the power-equipment weight.

Cracking ice by inflating boots on an air-

foil is slow and is ineffective for thin but

nonetheless troublesome ice layers, and
the inflation of the boot can seriously de-

grade rotor performance.

In the proposed electromagnetic-

repulsion deicer, a sheet of elastomer is

bonded to the supporting structure of the

airfoil (see figure). An embedded layer of

electrically conductive ribbons near the

airfoil is separated from an upper layer of

similar ribbons by slits in the elastomer.

When a capacitor is discharged through

the ribbons, the discharge current passes
in opposite directions through the upper

and lower ribbons. The opposing currents

and their magnetic fields create a repul-

sive force between the upper and lower

ribbons. The force distends the elastomer

layer around the slits so that a series of

ridges on the upper (airfoil) surface is

formed.

The capacitor discharges quickly, and
the motion of the elastomer is abrupt, ex-

erting a very powerful impulse; the sud-

den change in the surface profile also

cracks any ice that has accumulated,
even very thin layers, and the ice frag-

ments are blown away in the airstream.

The distortion of the surface is small and
brief, since elasticity and the vacuum in

the slits draws the slits back to their

original shape as soon as the capacitor

Outer (Airfoil) Surface

Elastomer

RELAXED STATE Slit

ENERGIZED STATE

Layer of Elastomer Conforms to the shape of an airfoil in the relaxed state. When carrying
large electrical currents, conductive ribbons in the elastomer repel each other, creating a
ridged surface on the airfoil. A sheet of ice on the airfoil would be broken up in the sudden
transition from the relaxed state to the energized state.

has discharged; consequently, the

aerodynamic properties of the airfoil are

only slightly affected.

For upper and lower deicer ribbons

each 2 mm wide and placed 7.6 mm
apart, carrying a peak discharge current

of 3,000 amperes, the total distorting

force would be high indeed — about

2,400 pounds per foot of ribbon length

(35,000 newtons per meter). This force

would be concentrated at the ridges of

the distended elastomer; the force in the

valleys would be lower. Thus there would

be large moments on the brittle ice sheet

that would twist it apart. The stresses ex-

erted on the supporting structure inside

the airfoil when the deicer acts are com-
pressive stresses, which the structure

can readily absorb.

The elastomeric material should be

selected for elasticity, fatigue resistance,

tear strength, and dielectric strength.

Neoprene, silicone, or polyurethane are

possible choices. When the deicer will be

subjected to severe erosion from sand or

rain — as it will be on a helicopter rotor—
commercial polyether or polyester ver-

sions of polyurethane can be used as a

durable surface coating or even as the

bulk material.

The ribbon conductor material should

be selected for high conductivity, flexibility,

fatigue resistance, corrosion resistance,

and tensile strength. Copper, unless it is

costly oxygen-free copper, is not espec-

ially suitable because it tends to work

harden. A better material would be tanta-

lum. The ribbon can be made from many
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strips attached end to end. Braided wire

can be used instead of solid metal strips.

A side-by-side array at pairs of ribbon

conductors would be pulsed sequentially.

The deicer ridges would then ripple

across the airfoil, sweeping the ice away.

The electrical energy stored in the capa-

citors would be transferred to the ribbons

by heavy-duty relays such as that in an

automobile starter. A timing circuit in the

power supply would control pulsing. A
pulse sequence would be repeated many
times to ensure complete ice removal.

The deicer can be installed on an air-

craft while it is being assembled in the

factory or can be retrofit. Since a deicer

can readily be attached to a wing or rotor

with adhesive, installation in the field will

be easy. Deicers can be used on engine

inlet ducts that are subject to icing as well

as on wings and rotors.

This work was done by Leonard A.

Haslim and Robert D. Lee of Ames Re-

search Center.

This invention is owned by NASA, and a

patent application has been filed. Inquiries

concerning nonexclusive or exclusive

license for its commercial development

should be addressed to the Patent

Counsel, Ames Research Center

Refer to ARC-11613. /TN

Ames Research Ctr.

Technology Utilization

Officer: Laurance Milov

Mail Code 223-3

Moffett Field, CA 94035
(415)694-6370

Patent Counsel:
Darrell G. Brekke
Mail Code 200-11

Moffett Field, CA 94035
(415)694-5104

(

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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Ames Research Center, Moffett Field, California

Licensing
Opportunity

High-Temperature Vibration Damper
Rotary damper accommodates temperature effects on volume and viscosity.

A device for damping vibrations func-

tions at temperatures up to 400° F (about

200° C). The device dampens vibrational

torque loads as high as 1 ,000 Ib-in. (about

110 N-m) but is compact enough to be

part of a helicopter rotor hub.

Vibration is applied via a connecting

rod to an arm on the damper shaft. The

oscillating torque thus imposed on the

shaft is carried to a pair of vanes in sepa-

rate chambers (see figure). As a vane

turns in its chamber, it forces hydraulic

fluid out of the chamber through small

holes into a chamber in the center of the

damper, then back into the chamber on

the low-pressure side of the vane. The di-

rection of vane rotation alternates repeat-

edly as the shaft oscillates. The inertial

and viscous resistance to the shuttling of

hydraulic fluid back and forth through the

orifices dampens the vibrations.

A spool valve in the central chamber is

positioned by a damping-adjustment

screw to control the back pressure on the

fluid shooting through the orifices. The re-

sistance to fluid flow can therefore be in-

creased or decreased to provide more or

less damping.

A temperature-compensating piston

allows for the expansion of the fluid as its

temperature increases. A spring on the

piston ensures that the fluid is always

under pressure. This prevents gases
from coming out of solution in the fluid or

from entering from the outside. Either oc-

currence would introduce a compressible

fluid into the damper and thus degrade its

damping ability. This feature also serves

as a reservoir to allow for compensation
for minor leakage.

Originally, the temperature-compen-
sating piston was connected to the spool

valve so that it automatically adjusted the

valve for the change in fluid viscosity with

temperature. This was found to be an un-

necessary complication, however. It

made the damping rate overly sensitive to

small temperature changes, and the dam-
per became hard to stabilize. Since the

Flow Hole in

Damper Shaft

Central Chamber
and Spool Valve

A

Abutments

I

Note: For illustrative purpose,

this view is not to scale.

Abutment Spool

/Valve

Damper
Shaft (77/

Flow,

Hole

Temperature-
1

Compensating
Piston

Vane

SECTION AA

The Rotary Damper absorbs energy from a vibrating rod, dissipating it in the turbulent mo-

tion of a viscous hydraulic fluid forced by moving vanes through small orifices. Only one

of the two vanes appears in the side cross section; the other is at an angle to the plane of

the page.
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normal damper operating temperature is

fairly constant and since viscosity varies

but little with small temperature changes,

the piston and the valve were separated.

The spool valve is adjusted independently

for viscosity.

To prevent rapid wear, the chamber
walls are coated with an abrasion-

resistant film. Similarly, the vane tips hold

nylon inserts that prevent the rapid wear
caused by metal-to-metal contact.

This work was done by Alan Clarke,

Joel Litwin, and Harold Krauss of United

Technologies Corp. for Ames Research
Center.

Inquiries concerning rights for the

commercial use of this invention should

be addressed to the Patent Counsel,

Ames Research Center

ARC-11604/TN

Ames Research Ctr.

Technology Utilization

Officer: Laurance Milov
Mail Code 223-3

Moffett Field, CA 94035
(415)694-6370

Patent Counsel:
Darrell G. Brekke
Mail Code 200-11

Moffett Field, CA 94035
(415)694-5104

Refer to

(

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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STEP 1 STEP 2

Shaft Coupler With Friction and Spline Clutches
Dual clutches ensure smooth acceleration and efficient power transfer from engine to rotor at full

aircraft speed.

A coupling, developed for the rotor of a

lift/cruise aircraft, employs two clutches

for a smooth transmission of power from

a gas-turbine engine to the rotor. Prior to

ascent, the coupling applies a friction-

type transition clutch that accelerates the

rotor shaft to speeds matching those of

the engine shaft. Once the shafts are syn-

chronized, the spline coupling is engaged

and the friction clutch released to provide

positive mechanical drive.

Deceleration of the rotor for horizontal

flight is accomplished by engaging the

friction clutch to assume the shaft torque

load. The splined coupling is then disen-

gaged. Now the friction clutch can be re-

leased, which allows the rotor to deceler-

ate and be stopped and locked by its

break mechanism.

The spline clutch is designed so that it

withdraws, separating the pressure faces

of the splines circumferentially as the

splines separate longitudinally. Each of

the splines on the input shaft has a pres-

sure face oriented at a helix angle o rela-

tive to the shaft axis (see figure). An inter-

mediate lock member also contains

splines, at the same pitch as that of the in-

put splines. Each of the lock-member

splines has two pressure faces: one, at a

helix angle o, that contacts the input

splines, the other, at a helix angle p, that

contacts the output splines. The pressure

faces of the output splines are oriented at

helix angle p, like the mating faces on the

lock-member splines.

When the rotor is turning synchro-

nously with the input shaft, the input, in-

termediate, and output splines turn in

unison, with no relative motion between
them. To start the transition from active

rotor to inactive rotor, the transition

clutch is energized and the lock member
is retracted from its locked axial position.

The axial force exerted by the actuating

piston pushes the splines on the interme-

diate lock member axially away from the

output splines. Because the helical angle

P is less than a, this motion also disen-

gages the intermediate lock and output

splines circumferentially. When the inter-

mediate lock and output splines are fully

STEP 3

Pressure

Face

Axis

Three Stages in the Transition from engagement to disengagement are illustrated. In

step 1, the pressure faces of the input splines, the intermediate splines, and the output
splines are in contact. In step 2, the intermediate splines have pulled away circumferen-
tially and axially from the output splines so that power is no longer transmitted to the out-

put along this path. In step 3, the input and intermediate splines are withdrawn further

along the axis to complete the disengagement. Representative values for the angles a

and p are 14° and 12°, respectively.
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disengaged, the transition clutch as-

sumes the full load. The transition clutch

is then gradually disengaged, and the

rotor is stopped by an external brake.

This work was done by Glenn W.

Thebert of General Motors Corp. for

Ames Research Center.

Inquiries concerning rights for the

commercial use of this invention should

be addressed to the Patent Counsel,

Ames Research Center

Refer to ARC-1 1627. /TN

Ames Research Ctr.

Technology Utilization

Officer: Laurance Milov
Mail Code 223-3

Moffett Field, CA 94035
(415)694-6370

Patent Counsel:
Darrell G. Brekke
Mail Code 200-11

Moffett Field, CA 94035
(415)694-5104

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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NBS technology update
Computer
Software

National Bureau of Standards
U.S. Department of Commerce
Gaithersburg, MP 20899

New Method for Prediciting Hazards of Fires

NBS is issuing for trial use a unique,

computerized method to predict the haz-

ards of fire. Known as HAZARD I, this

prototype system for the first time takes

into account the complex combination of

physics, chemistry, fluid mechanics,
heat transfer, biology, toxicology, and
human behavior which influence the

outcome of a residential fire.

"Methods of this sort will revolutionize

fire safety practices and should lead to

marked reductions in fire losses and
costs to the nation," says Dr. Jack E.

Snell, director of the NBS Center for Fire

Research. The United States has one of

the worst fire loss records in the indus-
trialized world: according to the National
Fire Protection Association, in 1985 more
than 6,000 people died in fires, and prop-

erty loss totaled $7.3 billion dollars.

Fire safety in the United States is pro-

vided through a system of fire and build-

ing codes. The idea behind the codes is to

provide time for people to evacuate safely

and to limit the impact of the fire as
much as possible

Although codes provide a reasonable
level of safety, says Snell, they need to be
revised as new materials or design and
construction techniques are introduced.

Tools like HAZARD I are designed to

complement existing codes and stan-

dards by enabling new materials and
technology to be evaluated safely and
quickly."It is far less costly and more
practical to conduct room or building

fires on a computer to study potential so-

lutions to fire problems," says Snell.

At the heart of HAZARD I is a sequence
of procedures enabling the user to calcu-

late the development of the fire and ensu-

ing hazardous conditions and the time

needed for occupants to escape under
those conditions. Also, the amount of

gases, smoke, and heat to which each oc-

cupant is exposed can be estimated, as
well as whether these hazards are fatal.

"The bottom line is determining who
would die, where, and why, so that alter-

native strategies can be designed," says
Bukowski.
The fire scenario (type of fire, type of

building, number of occupants) and the
calculations will vary depending on the
user's needs. For example, a manufac-
turer of upholstered furniture will want
to know the hazards to occupants as a
new product burns, but probably will not
be concerned with the type of building. In
this case, the manufacturer's product
may be substituted for that in one of the
example scenarios built into HAZARD I.

On the other hand, a fire investigator will

want to reconstruct a specific fire in a
specific building. "HAZARD I is flexible

enough to accommodate various inter-

ests," says Bukowski.
The HAZARD I package consists of a

report describing the algorithms, proce-
dures, and computer programs as well

as four computer disks containing the
software needed to conduct the hazard
analyses. All of the software will operate
on a personal computer.
Included in the software is a computer

model that simulates the actions and
evacuation progress of the occupants.
The model is based on psychological

studies and interviews with people who
have escaped fires. Factors considered
include age and sex and whether the oc-

cupant is asleep, has consumed drugs or

alcohol, or needs help in moving.
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HAZARD I is a prototype method and
has certain limitations which must be
understood and considered by the user,

says Bukowski. The method will be dis-

tributed to a limited number of fire and
building professionals who agree to eval-

uate it and provide comments to assist in

the development of future improved ver-

sions of the method.
HAZARD I can model only a small

range of single-family residences, such
as a ranch-style house, a two-story house,

and a townhouse. "Not enough is known
yet about how heat and smoke move
through heating, ventilating, and air-

conditioning systems and tall shafts and
stairways of large buildings to develop
models," says Bukowski. As this infor-

mation becomes available and new ver-

sions of HAZARD I are produced, addi-

tional occupancies such as apartment
and office buildings and hospitals will be
included.

Says Bukowski, "The shake-down pro-

cess is important to assure the method is

practical and 'user-friendly' and pro-

duces results that are consistent with ex-

pert judgment and fire science." Future
versions of the method will be made
available for general distribution.

The engineers and scientists in the NBS
Center for Fire Research plan to refine

and enhance the method for calculating

fire hazard over the next several years.

Snell sees its users expanding to include

"not only those in the fire and building
professions, but also educators who want
to teach children about fire safety and
families who want to plan fire escape
routes and make their homes more fire-

safe."

For Additional Information:

For further information, contact

Richard Bukowski at the National Bu-
reau of Standards, Gaithersburg, Md.
20899; (301) 975-6879.
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IWNSATech Brief
National Aeronautics and
Space Administration

Computer
Software

Control-System Design

Program

Multi-input and multioutput

systems can be located in

continuous and discrete

forms.

This control-theory design package,

called Optimal Regulator Algorithms for

the Control of Linear Systems (ORACLS),

was developed to aid in the design of con-

trollers and optimal filters for systems that

can be modeled by linear, time-invariant

differential and difference equations. Opti-

mal linear quadratic regulator theory, cur-

rently referred to as the Linear-Quadratic-

Gaussian (LOG) problem, has become the

most widely accepted method of determin-

ing optimal control policy. Within this

theory, the infinite-duration, time-invariant

problems, which lead to constant-gain

feedback control laws and constant

Kalman-Bucy filter gains for reconstruction

of the system state, exhibit high tractability

and potential ease of implementation.

Avariety of new and efficient methods in

the field of numerical linear algebra have

been combined into the ORACLS program,

which provides for the solution to time-in-

variant continuous or discrete LOG prob-

lems. The ORACLS package is particularly

attractive to the control-system designer

because it provides a rigorous tool for deal-

ing with multi-input and multioutput dyna-

mic systems in both continuous and dis-

crete form.

The ORACLS programming system is a
collection of subroutines that can be used

to formulate, manipulate, and solve various

LOG design problems. The ORACLS pro-

gram is constructed in a manner that per-

mits the user to maintain considerable

flexibility at each operational state. This

flexibility is accomplished by providing

primary operations, analysis of linear time-

invariant systems, and control synthesis

based on LOG methodology.

The input/output routines handle the

reading and writing of numerical matrices,

printing heading information, and ac-

cumulating output information. The basic

vector/matrix operations include addition,

subtraction, multiplication, norm construc-

tion, tracing, transposition, scaling, jux-

taposition, and construction of null and

identity matrices. The analysis routines

provide for the following computations: the

eigenvalues and eigenvectors of real

matrices, the relative stability of a given

matrix, matrix factorization, the solution of

linear constant-coefficient vector/matrix

algebraic equations, the controllability

properties of a linear time-invariant

system, the steady-state covariance

matrix of an open-loop stable system forc-

ed by white noise, and the transient

responses of continuous linear time-

invariant systems.

The control-law design routines of

ORACLS implement some of the more
common techniques of time-invariant LOG
methodology. For the finite-duration opti-

mal-linear-regulator problem with noise-

free measurements, continuous dyna-

mics, and integral performance index, a

routine implements the negative-exponen-

tial method for finding both the transient

and steady-state solutions to the matrix

Riccati equation. For the discrete version

of this problem, the method of backwards

differencing is applied to find the solutions

to the discrete Riccati equation. A routine

is also included to solve the steady-state

Riccati equation by the Newton algorithms

described by Klein for continuous prob-

lems and by Hewer for discrete problems.

Another routine calculates the prefilter

gain to eliminate control-state cross-pro-

duct terms in the quadratic performance

index and the weighting matrices for the

sampled-data, optimal-linear-regulator

problem. For cases with measurement
noise, duality theory and optimal-regulator

algorithms are used to calculate solutions

to the continuous and discrete Kalman/

Bucy filter problems. Finally, routines are

included to implement the continuous and

discrete forms of the explicit (model-in-the-

system) and implicit (model-in-the-perform-

ance-index) model following theory. These

routines generate linear control laws that

cause the output of a dynamic time-invari-

ant system to track the output of a pres-

cribed model.

In order to apply ORACLS, the user must

write an executive (driver) program that

enters the problem coefficients, formu-

lates and selects the routines to be used to

solve the problem, and specifies the de-

sired output. Three versions of ORACLS
source code are available for implementa-

tion: CDC, IBM , and DEC. The CDC version

has been implemented on a CDC 6000-

series computer with a central-memory of

approximately 13K (octal) of 60-bit words.

The CDC version is written in FORTRAN IV

and was developed in 1978. The IBM ver-

sion has been implemented on an IBM

370-series computer with a central-me-

mory requirement of approximately 300K

of 8-bit bytes. The IBM version is written by

FORTRAN IV and was generated in 1981.

The DEC version has been implemented

on a VAX-series computer operating under

VMS. The VAX version is written in

FORTRAN 77 and was generated in 1986.

This program was written by Harold P.

Frisch of Goddard Space Right Center.

GSC-13067/TN

FOR ADDITIONAL INFORMATION
CONTACT:

COSMIC®
112 Barrow Hall

University of Georgia

Athens, GA 30602

(404) 542-3265
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NBS technology update
National Bureau of Standards
U.S. Department of Commerce
Gaithersburg, MP 20899

Humidity Sensing Device Offers Accuracy Over a Long Life-

time

A new device uses organic polymers to

sense and measure humidity. The in-

ventor, Dr. Peter Huang envisions many
potential applications, especially in con-

trolling the drying processes that sup-

port industries such as textiles, paper,

chemicals, and food. Meteorological

and electronics applications also are

feasible. A major weakness in

commercial devices is "hysteresis," or

the inability of an instrument to mea-
sure abrupt humidity changes and then
return accurately to the original value.

Huang's system has significantly re-

duced this problem while increasing

sensitivity. He uses a halogen-based or-

ganic polymer such as Teflon onto

which he deposits a mixture of a strong

and a weak acid. By using this combi-

nation, he is able to "tune" the system to

measure humidity over a wide range by
varying the ratio of these acids. Because
the water content of the polymer is di-

rectly related to relative humidity, the

polymer can be measured electrically or

weighed to determine its water content
and, thus, the humidity.

For Additional Information:

To discuss this effort further, contact:

Dr. Peter Huang, B348 Physics
Buil ding National Bureau of

Standards, Gaithersburg, Md. 20899,;
(301)975-2621.

<
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IWNSATech Brief
National Aeronautics and
Space Administration

Marshall Space Flight Center, Alabama

Fiber-Optic Lateral-Displacement Sensor
A device would determine bearing position and perhaps measure shaft speed.

A proposed fiber-optic sensor would

monitor the axial position of a shaft or bear-

ing in a turbomachine. Unlike the magnetic

proximity sensors now in use, the fiber-op-

tic device would sense the position of non-

magnetic as well as magnetic material and

could be calibrated before assembly in the

machine. In addition, it would be more

compact.

The tip of a multiple-fiber probe would be

shaped into a narrow rectangle, with send-

ing fibers grouped in half the rectangle and

receiving fibers grouped in the other half

(see figure). The probe tip would be placed

facing a target of light and dark zones

etched onto the shaft or bearing.

Light from the sending fibers would be

reflected from the target into the receiving

fibers; the amount reflected would depend

on the position of the dark zone. The output

of a photodetector at the end of the receiv-

ing fibers could thus be correlated with the

position of the target.

The concept may also be extended to

measure the rotational speed of a shaft. A
dark band would be etched in a band half-

way around the shaft. The pulses of reflect-

ed light would represent the shaft revolu-

tions.

Positive

Displacement
Fiber-Optic Probe

Positioned Facing

Target

> Target

Negative

Displacement

The Displacement of the Target changes the area of light-reflecting surface facing the fiber-

optic probe and thus changes the light output of the receiving fibers.

This work was done by Edmund J.

Roschak of Rockwell International Corp.

for Marshall Space Flight Center. No fur-

ther documentation is available. MFS-29170
/TN

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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Technology Application

Grout Stabilization of Liquid and Solid Wastes

Grout technology can be used to immobilize liquid and solid wastes prior

to placement in landfills. Liquid wastes are mixed with cementitious solids

(cement, flyash, sorbents) forming a slurry which hardens and immobilizes
the waste species. Solid wastes are mixed with a cementitious slurry. The
low-cost waste form exhibits low contaminant release rates that meet or

exceed regulatory requirements. Waste species are either sorbed on solid

phases or trapped in the microporous solid matrix. Grout formulations are

specifically tailored for each waste stream and regulatory requirements.

This treatment improves upon existing methods because it solidifies and
immobilizes liquid wastes; immobilizes solid wastes; is a low energy process;

has low material costs; has no process effluents; and is easily tailored for

specific applications and regulatory requirements.

FOR ADDITIONAL INFORMATION:
Marv Clement
P. O. Box 99?
Pacific Northwest Laboratory
Richland, WA 99352
(509) 375-2789
Refer to DOE/PNL-AAR-018/TN
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Technology Application (

Oak Ridge National Laboratory

THE LONG-TERM PROBLEMS OF CONTAMINATED LAND:
SOURCES, IMPACTS, AND COUNTERMEASURES

An examination of the potential sources of land

contamination by radioactive materials and an

evaluation of potential effects on man,

countermeasures, and costs of cleanup has been

completed and summarized in this report. Nuclear

war or detonation of a single nuclear weapon,

serious reactor accidents, and nonfission nuclear

weapon accidents that disperse the nuclear fuels

(termed broken arrows) pose the greatest threat

of extensive land contamination. The

radionuclides of most concern from these sources

are
7
Cs (external radiation dose), Sr (internal

radiation dose), and plutonium and the

transuranics (inhalation dose). Costs for cleanup

of contaminated land are very high, particularly if

soil must be removed. If cleanup of agricultural

land is impractical, alternative uses of the land

might include production of fiber crops, seed-

stock crops, or plant biomass for alcohol fuels.

Conversion of cropland to pasture or rangeland is

another alternative that takes benefit from the

generally lower accumulation of radionuclides into

animal products compared with plant products. If

other alternatives are too costly or impractical,

the contaminated land could be fenced off and

used for timber production, which would allow

the radionuclides to decay before timber harvest.

Additional information:

Office of Technology Applications

Information Service

Martin Marietta Energy Systems, Inc.

P.O. Box X

Oak Ridge, TN 37831

Telephone: (615) 574-4192; FTS 624-4192

C. F. Baes III, C. T. Garten, Jr., F. G. Taylor, and J. P.

Witherspoon, The Long-Term Problems of Contaminated

Land: Sources, Impacts, and Countermeasures, ORNL-6146,

Oak Ridge National Laboratory (November 1986).

C. F. Baes III, C. T. Garten, Jr., F. G. Taylor, and J. P.

Witherspoon, "Long-term environmental problems of

radioactively contaminated land," Environment International

12, 545-53 (1986).

<
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Technology Application

Three Dimensional Model for Groundwater Flow and
Transport

The model provides a means for modeling three-dimensional groundwater
flow and transport in variable or constant density systems. The CFEST
Code has been converted to run on a VAX computer and has extensive in-

put/output support programs. It is a fully three-dimensional finite element
code for coupled flow, energy, and solute transport and has extensive sup-

port programs and has been thoroughly verified. It has been used for eval-

uation of a variety of groundwater problems.

FOR ADDITIONAL INFORMATION:
Marv Clement
Pacific Northwest Laboratory
P.O. Box 999
Richland, WA 99352
(509) 375-2789
Refer to DOE/PNL-AAR-020/TN
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Technology Application

Oak Ridge National Laboratory

WATER CHLORINATION: CHEMISTRY, ENVIRONMENTAL IMPACT
AND HEALTH EFFECTS, VOLUME 5

I

Water Chlorination, Volume 5, presents a

comprehensive examination of the chemistry,

environmental impacts, and health effects of

water chlorination as practiced in the areas of

drinking water treatment, wastewater

disinfection, and cooling water use. It is a

valuable reference book for determining the

effects and potential effects of engineering

practices in water treatment. The research papers

were rigorously peer reviewed and represent

original contributions in chemistry, toxicology,

environmental pollutants, and public health. The

book is organized by topic, with each section

progressing from an introductory chapter to

detailed research and experimental results. The

following areas are covered:

Chemistry. Chemistry of water chlorination;

chlorine demand reaction; chloramination reaction;

photochemistry of oxidants; analytical methods;

reaction kinetics.

Public Health. Risk associated with water

chlorination; toxicology; mutagenicity;

carcinogenicity; disinfection; water treatment.

Water Treatment. Process chemistry;

chemical effects of drinking water treatment

processes; activated carbon adsorption;

disinfection; chloro-organic precursors; by-

products of oxidant use for disinfection.

Regulators. Risk; chemical effects; toxicology;

health effects; environmental effects.

Biology. Bioassay results; toxicology; species

and community changes associated with

chlorinated outfalls (e.g., cooling water discharge

and wastewater discharge).

Toxicology. Mutagenicity; carcinogenicity;

disinfection.

Engineering. Biofouling studies; modeling;

chemistry cooling waters; chlorine minimization.

Water Chlorination, Volume 5, presents

research results that indicate the need to modify

certain current water treatment practices. A

number of instruments described in the volume

are ready for field testing.

Additional information:

i

Lewis Publishers, Inc.

1 2 1 S. Main Street

P.O. Drawer 519

Chelsea, Ml 48118

R. L. Jolley et al.. Water Chlorination: Chemistry,

Environmental Impact and Health Effects, Volume 5, Lewis

Publishers, Inc., Chelsea, Mich., 1985.

I
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United States
Environmental Protection

Agency

Hazardous Waste Engineering
Research Laboratory
Cincinnati OH 45268

Research and Development

«EPA Project Summary

The Block Displacement Method Field Demonstration
and Specifications

The Block Displacement technique

has been developed as a remedial
action method for isolating large tracks

of ground contaminated by hazardous
waste. The technique places a low
permeability barrier around and under
a large block of contaminated earth.

The Block Displacement process is

composed of separate bottom barrier

and perimeter barrier construction
processes. The bottom barrier con-
struction is accomplished by propagat-

ing horizontal separations from a series

of injection wells. A soil-bentonite

slurry is pumped into these wells at low
pressure, opening the separation and
forming a barrier. In the process the

ground is displaced upward by an
amount corresponding to the thickness

of the final barrier placed. The perime-

ter barrier is constructed by one of

various means including slurry wall, jet

grouting, or drill notch and blast. The
perimeter barrier is constructed prior to

the bottom if necessary to induce a

favorable in-situ stress state.

The technique was demonstrated at

Whitehouse, FL where a block of earth

60 ft in diameter and 25 ft deep was
lifted. Horizontal fractures were
extended from seven injection holes to

form the bottom barrier. The block was
displaced upward as much as 1 2 in. by
the injection of approximately 2,000 ft 3

of bentonite slurry. Upward displace-

ment was monitored by standard sur-

vey techniques during the lifting pro-

cess. After displacement was
completed, a topographic survey was
conducted and the quality of the
bottom barrier was assessed by core
drilling.

Perimeter

Barrier

Positive Seal Through

Injected Bentonite

Mixture

Block displacement barrier in place.

Bottom Barrier

T
24 ft

L- Bottom Slurry Barrier

Section A-
A'

Conclusions
The Block Displacement demonstra-

tion provided three distinct technical

conclusions:

• The bottom barrier construction com-
ponent of the process is viable and
has been demonstrated.

Final block displacement.
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• The drill, slot and blast perimeter

barrier construction technique applied

as part of the total isolation process

was unsatisfactory and should not be

considered for Block Displacement

application.

• Construction materials, equipment
and procedures for implementing the

Block Displacement process were
evaluated and refined sufficiently to

be considered for field application

under geologic conditions similar to

those at the demonstration site.

The bottom barrier construction tech-

nique, which required repeated modifi-

cation to notching and sealing tech-

niques, ultimately performed quite

consistently. Drilling, notching, separa-

tion propagation, and block lift were all

adequately demonstrated. Surface dis-

placements, core samples and lift volume

versus slurry volume correlations all

support this conclusion. Subsequent
coring data, lift monitoring data and
independently derived conclusions from

interpretation of ground penetrating

radar records indicate at least 80 percent

of the underlying area defined by the

design perimeter was covered by bottom

barrier material

The drill, slot and blast perimeter

separation technique did not produce a

sufficiently smooth continuous fracture

to allow the perimeter surfaces to fully

override each other during the displace-

ment process. Performance of this

perimeter separation technique in the

more consolidated hardpan is uncertain,

as post lift perimeter mapping could not

extend down into the hardpan region

Alternate, more direct perimeter con-

struction techniques such as slurry wall

or vibrating beam construction would be

more appropriate in unconsolidated
ground.

Slurry jetting in a compressed air

stabilizing medium proved adequate as

a bottom notching method in unconsol-

idated material. Slurry mix, pumping and

distributing equipment demonstrated

that the slurry designs used can be

adequately mixed and placed in the field.

Lift monitoring using standard survey

equipment was quite adequate for deter-

mining performance and as feedback for

correcting slurry injection during the

lifting operation. Adequate correlation

was obtained between slurry injected

and ground volume displaced.

(

Thomas P Brunsmg is with Foster-Miller. Inc .
Waltham. MA 02254

Walter E Grube, Jr is the EPA Protect Officer (see below/

The complete report entitled "The Block Displacement Method Field

Demonstration and Specifications. (Order No PB 87-170 338/AS Cost

S 18 95. sub/ect to change) will be available only from

National Technical Information Service

5285 Port Royal Road
Springfield, VA 22161
Telephone 703-487 4650

The EPA Project Officer can be contacted at

Hazardous Waste Engineering Research Laboratory

US Environmental Protection Agency
Cincinnati. OH 45268
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*>EPA Project Summary

An Environmental Source Book on the Photovoltaics
Industry

The report gives background informa-

tion on the photovoltaics industry to

help the U.S. EPA evaluate premanu-
facture notice (PMN) and significant

new use regulation (SNUR) submittals
from the industry. It also gives informa-

tion for the photovoltaics industry on
the Toxic Substances Control Act
(TSCA) compliance requirements. This

industry uses a large diversity of toxic

and hazardous chemicals. Attention is

currently focused on such gases as
silane, phosphine, arsine, diborane, and
hydrogen selenide which may be used
in large quantities and for which there

is limited industrial experience. Most
materials used by the industry are al-

ready listed in the TSCA Inventory List.

Unlisted compounds are used as feed-

stocks or are the actual products them-
selves. Manufacturers using or pro-

ducing unlisted materials must apply to

EPA for a PMN. Some materials
(especially those defined to be acutely
toxic) contained in the Inventory List

may be used in larger quantity or in

applications which differ from current
industrial use; these are potential
candidates for SNUR.

Introduction

This report presents background in-

formation on the photovoltaics industry

to help the U.S. EPA evaluate future

Premanufacture Notice (PMN) submittals

and the need for Significant New Use
Regulations (SNUR), implemented under
authority granted by the Toxic Substances
Control Act (TSCA).

In this context, this report:

• Gives an overview of the structure

and nature of the past, present, and
future photovoltaics industry;

• Describes the steps involved in

synthesizing and assembling photo-

voltaic cells, modules, and arrays;

• Identifies chemicals used in these

processes;

• Describes potential chemical and
physical hazards to workers in manu-

facturing facilities;

• Describes potential hazards to public

health and the environment from
routine and accidental releases from
manufacturing facilities;

• Describes occupational and environ-
mental control technology options;

and
© Discusses applicability of current

rules and regulations promulgated
under the authority of the TSCA to

potential chemical hazards in photo-
voltaic cell manufacturing facilities.

Production
In 1982, worldwide production of

photovoltaic devices was 8.4 to 9.0 MW
(the maximum amount of power the
devices are capable of producing); of this,

4.9 to 5.5 MW
p
was produced by U.S.

manufacturers. This contrasts sharply
with U.S. module shipments in 1975,
estimated at 300 kW

p
. Corresponding in-

creases have been realized also in the
installed annual production capacity, cur-

rently estimated to be 1 3.1 MW
p

.

After a dramatic increase in production
from 5.7 to 1 3.1 MW

p
between 1 982 and

1983, total U.S. photovoltaic module
shipments have declined to 1 1 .7 and 8.6

MW
p

in 1984 and 1985, respectively.

During the same period, however, world-

wide production has steadily increased

from 9.3 MW
p

in 1982 to 25 MW
p

in

1985.

Occupational Health Hazards
A large diversity of chemical and

physical agents which can present health

hazards to workers may be associated

with photovoltaic cell manufacturing pro-

cesses. In order to provide focus to the

identification of these potential hazards,

they are broken down into four categories:

explosives and flammables, corrosives

and oxidizers, poisons, and miscellaneous.

Explosive compounds are those which
can undergo and sustain chain reactions

during oxidation Of the various com-
pounds used in photovoltaic cell manu-
facture, silane and hydrogen present the
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greatest potential explosive hazards.

Flammable materials can be ignited and
sustain a flame over a range of conditions

(e.g., temperature and pressure). In photo-

voltaic cell manufacture, materials used
in relatively large quantity that present

flammability hazards include hydrogen
and methane. Of these materials, most
interest focuses on the silanes because
of the pyrophoric nature of these materials

and their relatively large scale applica-

tions.

The health effects of poisonous mate-
rials may be divided into two classes for

discussion purposes: acute poisonings

arising from short-term exposures to

relatively large concentrations of mate-

rials which may cause shock (collapse),

severe inflammation of the lungs, or even
death; and, a wide range of effects arising

from low-level sublethal exposures which
may continue over periods of months or

years.

In photovoltaic cell manufacture there

are a variety of toxic gases, liquids, and
solids that can present acute hazards to

workers who are accidently exposed to

these agents. Attention has focused on
toxic gases (e.g., arsine, diborane,
hydrogen selenide, and phosphine) be-

cause of their potential large scale use in

the photovoltaic industry and because of

their potential to expose workers in short

periods of time to high doses.

In the manufacture of thin-film photo-

voltaic cells, electrical and electromag-

netic fields generated from process equip-

ment may present occupational hazards.

Radio-frequency (rf), plasma etching,

plasma deposition, and sputtering equip-

ment, if not designed and maintained
properly, may emit nonionizing radiation

into the occupational workspace. Laser

scribing equipment may also present
electrical shock and laser beam hazards
to employees.

Environmental Releases
The quantity and type of material re-

leased to the environment from a manu-
facturing facility depend on the production

and control technology alternatives used.

Specific emission standards for the

photovoltaics industry have not yet been
set. Emission control standards developed

for related industries (e.g., the semicon-
ductor industry), however, may provide

guidelines for control technology require-

ments in the photovoltaics industry.

In these manufacturing facilities, a large

variety of materials may be used; some
may be released as by products of normal
or abnormal plant operations. Although

manufacturing facilities may produce
liquid, solid, and gaseous effluents, only

gaseous effluents are likely to present

acute hazards to public health. Liquid and
solid wastes may also present hazards,

but these can only expose the public

indirectly (i.e., drinking water and food-

chains) and over longer time periods.

Exposures via these pathways can also

be more easily monitored and controlled.

Hence liquid and solid wastes may pre-

sent chronic, but not acute, risks to public

health.

Air Emissions
At present EPA has not established

emissions standards for the routine or

accidental discharge of atmospheric pol-

lutants from the photovoltaics industry.

National Emission Standards for Hazard-

ous Air Pollutants for arsenic and cad-

mium might provide guidance to

regulators of the photovoltaics industry's

use of these materials.

Solid Wastes
Solid wastes produced in some manu-

facturing processes studied are residuals

from the deposition process or environ-

mental control systems. Some of these

wastes may be classified as hazardous

under the Hazardous and Solid Waste
Amendment Act of 1 984.

Liquid Wastes
Liquid wastes may arise from wet

etching operations or from solvents used

in cleaning processes. Efforts are now
underway to eliminate wet etching opera-

tions. Consequently, attention is now
focused on the control of leaking solvents

from storage tanks (often trichloroethane).

In the semiconductor industry, under-

ground storage tanks have leaked clean-

ing solvents into the groundwater and
contaminated public water supply wells

in Silicon Valley. This problem appears to

be endemic to many semiconductor
manufacturing facilities in that region.

As a result of these leaks, many lawsuits

have been filed against some large semi-

conductor manufacturers in the industry.

P D Moskowitz. P D Kalb. J C Lee. and V M Fthenakis are with Brookhaven
National Laboratory. Upton. Long Island. NY 11973

Robert C Lagemann is the EPA Protect Officer (see below).

The complete report, entitled "An Environmental Source Book on the

Photovoltaics Industry. (Order No PB 87 224 358/AS. Cost SI 3 95. sub/eel

to change! will be available only from:

National Technical Information Service

5285 Port Royal Road
Springfield. VA 22161
Telephone 703 487 4650

The EPA Officer can be contacted at.

Air and Energy Engineering Research Laboratory

U S Environmental Protection Agency
Research Triangle Park. NC 2771
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Army Technology Transfer Fact Sheet
Rock Island Arsenal, Rock Island, IL

In Process Control of Machining

Manufacture of special ordnance components with close-tolerance, complex-
contour orifice areas is excessively slow and costly. Rejections and rework

are high. Stresses and distortion of these flexible workpieces make machining

slow and holding of tolerances difficult. This situation has been overcome
by the successful application of "In-Process Control of Machining", an effort

recently successfully completed and implemented.

The effort has provided new applications for non-contact sensing and demon-
strated closed loop cutter line control according to "almost real time" feed-

back from the sensors. It also introduced the concept of machining to

function for openings in walls of tubes. Simultaneously, it caused the pro-

cesses and tooling to be "re-engineered" for greater productivity and cost

savings.

Two Systems Developed

Two in-process control systems have been developed, a milling system and

a turning system. The major components of each system include a micro-

computer, electro-optical linear arrays (sensors), illuminators and electro-

magnetic scales. In the milling system, the illuminator reflects light off

the milled edge of the orifice in the wall of the tube right behind the cutting

tool and detected by the sensor.

In the turning system, two sensors pick up the light at the edges of the

shadow caused by the component located between the sensors and two
illuminators. In both cases, the computer uses this information and that

from the electromagnetic scales to determine the coordinates of the cut.

The closed loop in-process control corrects the tool path for tool wear, thermal

growth, differences between tools and other causes of imprecision.

In the turning system, any deviation can be corrected in only 338 milliseconds.

Also, the sensors will be used to set up components in the turning system to

align the axis of a tube with that of the machine tool before a tubular com-
ponent with tight tolerances is turned.

Closely spaced locations around the entire periphery of an opening can be

inspected very rapidly. Hence, the capability exists for designing, machining
and inspecting according to the area of an opening, not just according to

linear measurements like distances across an opening. For example, for a case

of a piece of four nominally "identical" openings in a part, the cutter path is

continually corrected for progressive incremental areas. Deviations from the

cutter path that were not prevented by the real-time in-process control are

converted to areas and compensations are made for these areas in the next

openings. Therefore, the component is machined according to function, and
inspecting and designing according to function are also possible.

Advantages Quantified

Because "almost real time" fault correction offers the obvious advantages of
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improved quality, reduced scrap and on-machine inspection, there are many
benefits to be gained.

In the milling system there are productivity gains of 4 to 1, linear accuracy
improvements of 3 to 1 and areal accuracy improvements of 25 to 1 up to

50 to 1. Quantified savings are $275,000 per year.

Likewise, the turning system, though not as yet as well defined, is expected
to reduce the number of operations and amount of scrap and, therefore,

provide productivity gains and savings.

Current Developments

The modifications currently being undertaken to the turning system are to

enable the illuminators and sensors to move according to the part program
to accommodate components of different diameters. It is also of interest

to apply laser range sensors to determine thread finishing parameters at

75% completion, measure thread profiles and inspect thread surfaces at

thread completion.

FOR ADDITIONAL INFORMATION: Contact: Mr. Richard Kalkan,
SMCRI-SEM-T, Rock Island Arsenal, Rock Island, IL 61299-5000; (309)
782-1486.

<
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Technology Application

Oa/c H/cfefe National Laboratory

ADVANCED SERVOMANIPULATOR SYSTEM

The Advanced Servomanipulator (ASM)

System is a remotely maintainable force reflecting

servomanipulator system developed at Oak Ridge

National Laboratory (ORNL) to address the

requirements for remote handling in future fuel

reprocessing and other hazardous, high-radiation

applications. The design approach emphasizes

high reliability, remote maintainability of the slave

portions of the system, and good force reflection

to the operator. The system consists of slave

arms for a hazardous environment, master arms

for the operator to use, and a modern digital

control system.

To enhance reliability and maintainability, the

slave arms are constructed with a unique all-

geared force transmission system. The master

arms are kinematic replicas of the slave arms and

use cable force transmission. Modern digital

servocontrol techniques and specialized control

algorithms are used to provide high-quality force

reflecting performance.

The ASM system is now in active use in a

remote handling mock-up area at ORNL.

Remote Technology Corporation (REMOTEC) of

Oak Ridge, Tennessee, has received an exclusive

license to this technology.

For description of the technology contact:

Office of Technology Applications

Information Service

Martin Marietta Energy Systems, Inc.

P.O. Box X

Oak Ridge, TN 37831

Telephone: (615) 574-4192; FTS 624-4192

D. P. Kuban et al., "The Advanced Servomanipulator

System: Development Status and Preliminary Test Results,"

Proceedings of the International Topical Meeting on Remote

Systems and Robotics in Hostile Environments, American

Nuclear Society, 1987.

For additional information on availability of

the technology contact:

Remote Technology Corporation

1 14 Union Valley Road

Oak Ridge, TN 37830

Telephone: (615) 483-0228
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Technology Application

Sandia National Laboratory

Using New Controller May Improve Metal
Purity/Uniformity

A device developed at Sandia National Laboratories

may result in improved high-strength metals for use in

airplanes, spacecraft, and other machines where safety

and reliability are paramount.

The device makes it possible to produce more homoge-

neous metal ingots. Metal from these ingots would be

made into parts that must last a long time or operate in

severe environments where extreme speeds, tempera-

tures, and stresses are common.
The new Sandia device is an improved type of elec-

trode gap controller. It is designed for use in vacuum arc

remelting (VAR), a process used since the 1950s to melt

raw metal and reform it into ingots that have high

degrees of purity and physical and chemical uniformity.

Such ingots also have reduced levels of oxygen, nitrogen,

and hydrogen—elements that can weaken metals and

impart other undesirable properties.

Vacuum arc remelting is used to produce various

kinds of high-strength steel, titanium alloys, nickel-

based alloys, and other specialty metals. They are typi-

cally used to make parts for jet engines, satellites,

nuclear reactors, high-speed drills for the energy indus-

try, and national defense hardware that must work after

being in stockpile for years.

The basic VAR process works by suspending a large

(several-ton) consumable electrode of metal in a vacuum
furnace. The electrode is slowly melted by a metal vapor

arc and the metal falls into a molten pool inside a water-

cooled copper crucible, where the metal gradually reso-

lidifies into an ingot.

Constant gap reduces defects

The arc occupies the gap between the electrode and

the molten pool. Holding a constant electrode gap is

important because defects form in the ingot if the gap

vanes and causes unsteady melting and resolidification.

Parts made from defective ingots are more likely to be

flawed and have the potential to cause costly and danger-

ous failures.

During the melting process, an automatic electrode

gap controller strives to keep the gap constant by varying

the electrode feed rate (velocity) and keeping a constant

electric current going into the arc.

Controllers now in use drive the electrode at a velocity

that is based on measurements of parameters that have a

time constant of 10 to 20 minutes. The situation is

somewhat like a driver trying to adjust his highway speed

accurately within a few miles per hour based on his look

at the speedometer 15 minutes earlier.

Frank J. Zanner, a metallurgist in Sandia's Process

Metallurgy Division, led the research team that devel-

oped the new type of electrode gap controller. He says

the microprocessor device is immune to electrical "noise"

in the VAR furnace and is responsive to current furnace

conditions.

System provides instant control

The new controller system provides instant control of

electrode gap.

Zanner explains, "Melting metal dripping from the

electrode stretches and touches the molten pool. This

shorts out and extinguishes the metal vapor arc for

fractions of a millisecond. These shorts are detected and

measured by the controller.

"Because the rate of occurrence of the shorts is in-

versely related to the size of the electrode gap, the

programmed controller can continually and automati-

cally adjust the gap size instantly after taking the latest

measurements."

Zanner says the new controller has the potential to

save some companies a lot of time and money, in addition

to producing safer and more reliable products. He cites

the example of aircraft engine manufacturers, who spend

large sums to detect and correct defects in engine parts.

The Sandia-developed controller has been tested and

proven in large industrial VAR furnaces that can melt

18-in. -diameter, 8,000-lb electrodes. Testing has in-

volved several commercial firms. The latest series in-

volved two companies. Teledyne Allvac of Monroe,

North Carolina, where the testing was done, and Retech,

Inc., of Ukiah, California. Earlier tests were done at the

Cameron Iron Works in Houston, Texas.

FOR ADDITIONAL INFORMATION

Public Information Division,

Code 3161,

Dept. of Energy,

Sandia National Laboratories,

Albuquerque, NM 87185-5800

(505) 844-4207.

Refer to announcement 22, No. 7
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NBS technology update
National Bureau of Standards
U.S. Department of Commerce
Gaithersburq, MP 20899

Future of Automated Materials Processing Assessed

The rapid pace of new technology has industry, academia and Government
brought a wide variety of new materials addressed several technologies that can
into engineered systems. Often their plav an important role in improving the

processing is far from mature and the competitiveness of U.S. process

materials are only one step from the industries through automation . In

research laboratory. This is one of many working sessions, participants identified

problems facing process industries state-of-the-art and technical needs in

discussed in a report, A National Forum such areas as process modeling,
on the Future of Automated Materials artificial intelligence, and computer
Processing in U.S. Industry--The Role of integration as applied to materials

Process Models, Artificial Intelligence processing.

^ConPger Integration QtBSm For Additional Information:
873544). The report is from the second of

two workshops sponsored by the Copies ofNBSIR 87-3544 are available

Industrial Research Institute and the prepaid from the National Technical

White House Office of Science and Information Service, Springfield, Va.

Technology Policy, Committee on 221 61 . Order by PB 87-200382/NAC,

Materials, in cooperation with the price code A03.

General Electric Company and NBS. At
the May 1986 workshop, experts from
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NAVY
Domestic Technology Transfer Fact Sheet

Ion Beam Processing

A special study and report was undertaken to introduce ion implantation
processing to materials scientists and engineers who have no prior experience
with surface modification with ion beams. The introduction and background
sections inform the reader as to the kinds of applications that might be con-
sidered for ion implantation processing and give a brief description of the

apparatus and the physical principles underlying the techniques. In subsequent
sections, the entire process of implantation processing is described in enough
detail that the reader will have a sufficient grasp of the technology to be
able to plan treatment parameters for parts and/or to double-check treatment
parameters recommended by vendors. Thus, this memo explains what ion

implantation technology is, how to actually implant ions into surfaces and
gives examples of parts where it has been successfully used.

A secondary purpose is to provide workers already in the field with a hand-
book of tables, graphs and equations that are needed for doing ion implanta-

tion processing. A few of the expressions or tables are original but most of

the information contained in the chapter has appeared elsewhere in the

literature and is collected here for convenient reference.

Ion implantation processing of metals is now a viable alternative treatment
for specific wear and corrosion applications, with vendors distributed in the

U.S., U.K., Europe and Japan that provide service where parts can be treated.

The gross dollar amount of business for implantation processing of metals
is negligible when compared to other treatments such as plasma deposition,

thermal spraying, sputter deposition, etc., but the field has generated great

interest and is developing along a typical growth curve for a high technology
industry. The primary function of the vendors is to treat surfaces for com-
panies that are doing research and development of a proprietary nature that

involves the implantation of a limited number of parts for industrial trials.

Some applications have reached the production stage where a large number of

parts have been treated and it is anticipated that the number of applications

reaching production will increase.

FOR ADDITIONAL INFORMATION: A copy of this report is available from NTIS,

Springfield, VA 22161; (703) 487-4600.
NTIS order number: AD-A179880/NAC
Price code: A05

To discuss this effor further, contact
G.K. Hubler, Code 4671
Naval Research Laboratory
Washington, DC 20375
(202) 767-4800
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IWNSATech Brief
National Aeronautics and
Space Administration

Marshall Space Flight Center, Alabama

Alternating-Polarity Arc Welding
Briefly reversing the polarity of welding current greatly improves the quality of welds.

A NASA technical memorandum re-

counts progress in the art of variable-

polarity plasma-arc (VPPA) welding, with

emphasis on the welding of aluminum-alloy

tanks. VPPA welders offer the following im-

portant advantages over conventional sin-

gle-polarity gas/tungsten arc welders:

• Stray air currents and external magnetic

fields, which ordinarily make the arc wan-

der, have little effect.

•The alternating polarity keeps the elec-

trodes clean, making it possible to weld

most aluminum alloys without special

scraping or cleaning.

• The alternating arc current sets up

Lorentz (electromagnetic) forces and

swirling in the weld puddle that help to

remove contaminants.

• Welding can be done in the keyhole

mode, in which the plasma punches
completely through the workpiece. Con-

taminants are swept away, and complete

weld penetration is ensured.

• Porosity is nearly eliminated.

• Because of the high weld quality, radio-

graphic inspection is often unnecessary.

The arc voltage typically follows a rec-

tangular waveform. For about 19 milli-

seconds, the electrode is negative with

respect to the workoiece; then for 4 milli-

seconds, the electrode is positive. This cy-

cle yields an alternation frequency of about

43.5 hertz. The current is 130 amperes in

the negative polarity and 180 amperes in

the positive polarity.

A computer controls the VPPA manipu-

lator, weld-wire feed, torch, and power sup-

ply. The computer regulates a variety of

measured parameters so that they coin-

cide with the set points established by the

welding engineer. The computer makes it

possible to form tapered longitudinal and

circumferential welds on materials of vary-

ing thicknesses.

Argon gas is forced through the torch

orifice at a high velocity so that the hole

melted in the workpiece opens up ahead of

the plasma jet in the direction of travel. The

molten puddle material is washed back-

ward and solidifies behind the plasma jet.

Because moisture in the gas would distrupt

the formation of the weld bead and pro-

duce a rough contour, the argon is first

passed through a titanium getter furnace

and filters, which absorb moisture.

The torch was redesigned to align the

electrode precisely, to eliminate double ar-

cing (in which the arc jumps from the elec-

trode to the nozzle to the workpiece), and

to provide a steady, fast, concentrated

argon flow. An electrical filter was
developed to reduce electromagnetic in-

terference from the polarity reversals,

thereby ensuring a constant arc voltage.

Other measures to reduce electromagne-

tic interference included separating signal

and power leads, using twisted pairs in the

power cables, providing noise-bypass

capacitors, and increasing the distance

between power and control cabinets.

The VPPA process has been used to

weld over 190,000 in. (4.8 km) of type 2219

aluminum alloy in thicknesses up to 1 in.

(2.5 cm) without a single internal defect.

Tensile properties were better than those

for conventional gas/tungsten arc welding.

There has been no reduction of fracture

toughness or fatigue life. Similar benefits

result from the VPPA welding of other

aluminum alloys.

This work was done by R. J.

Schwinghamer of Marshall Space Flight

Center. Further information may be found

in NASA TM-86536 [N86-19617/

NSP], [A02] ••Unique Variable Polarity

Plasma Arc Welding for Space Shuttle.

"

Copies may be purchased from the

National Technical Information Service,

Springfield, Virginia 22161,

MFS-27147 /TN

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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IWNSATech Brief
National Aeronautics and
Space Administration

Lyndon B. Johnson Space Center, Houston, Texas

Electronic Caliper Has 1-mil Accuracy
Its output is either a digital readout or a printout.

A new electronic caliper is accurate

within ±0.001 in. (0.025 mm) and pro-

vides both a printout and a digital display

of thickness. Measurements take less

than one-tenth the time of mechanical-mi-

crometer measurements.

The new instrument employs a tweez-

erlike probe with a ball on the tip of either

finger (see figure). The balls and fingers

are displaced by the part to be measured,

causing a strain that is measured by strain

gauges on the fingers. The four strain

gauges — on opposite sides of both fin-

gers — are connected in a bridge circuit.

The output voltage of the bridge varies in

proportion to the change in the gap be-

tween the fingertips.

A digital display and calibration unit

processes the signal and displays the

measured value in inches. The operator

can also use a smaller display unit, driven

by the main unit. By keeping the small dis-

play close to the probe, the operator can

quickly discern out-of-tolerance thicknes-

ses and undercuts in corner radii. The op-

erator can then use a trigger switch on the

small display to command a printout of the

measurements. The printer — also driven

by the main unit— prints the part number
and measurement locations as well as the

measured values.

This work was done by Douglas B.

Harrington and Lino A. Aragon of Rock-

well International Corp. for Johnson
Space Center. MSC-20388 /TN

The Operator Slides the Probe along a rib while measuring the thickness between the

probe tips. The measured value appears on the small display in the operator's hand as well

as on a main display unit. The operator can order a printout of measurements by pushing the

switch near his left thumb.

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division. P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE

<
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IWNSATech Brief
National Aeronautics and
Space Administration

Ames Research Center, Moffett Field, California

Licensing
Opportunity

Device Applies Films to Optical Elements
The resulting coatings are free of wrinkles and air bubbles.

A clamping device applies a protective

or antireflective dielectric coating to

lenses or other optical elements. An alter-

native version of the device applies a thin

sheet of a dielectric film to a ring or

stretches it for clamping in a holder to

form a pellicle or beam splitter.

Although a variety of dielectric films

adhere well to optical elements, it is dif-

ficult to obtain a smooth, flawless sur-

face. The imperfections come from

wrinkles in the plastic and from residual

air bubbles. These defects are avoided by

the new apparatus, which uniformly

stretches the dielectric films in a radial di-

rection and creates a vacuum between

them before they are thermally bonded to

the optical element.

As shown in the figure, the device in-

cludes a pair of outer plates, a polished

inner plate, guide pins for alignment, and

bolts and wing nuts for squeezing the

plates together. Each of the outer plates

has a conically tapered (about 10° angle)

surface extending radially from a shoul-

der. The conical surface supports a heat-

resistant elastic O-ring. The inner plate

has a central hole for the optical element

to be coated. Soldered in a groove in this

plate is a hypodermic needle with an

outer coupling that connects to a vacuum
system that removes air between the

dielectric films.

In a typical coating operation, holes

corresponding to the circular bolt and pin

pattern are first melted in the sheets of

dielectric material, using a soldering iron

and a template. The optical element to be
coated is then placed in the central hole

and sandwiched between two inner

sheets of the coating material (for exam-
ple, polyethylene). An outer sheet of a

plastic with a higher melting temperature

[for example, Mylar (or equivalent)

polyethyleneterephthalate] is placed be-

tween each outer plate and the inner

coating sheet.

Tightening the wing nuts causes the

upper and lower O-rings to roll outwardly

because of the tapers of the outer plates.

The outward motion of the rings stretches

the dielectric films radially outward. The

films are observed to ensure that they are

being stretched evenly and that all

wrinkles and air bubbles are removed.

Next, the assembled film-application

device is placed in an oven and evacu-

ated. The temperature is raised to the re-

quired level, which for polyethylene

coating is 73°C (slightly below its melting

point). After approximately one hour, the

thermal bond will have been made, and

the vacuum and the oven are turned off.

After the device has cooled, it is dis-

assembled, and the outer dielectric is

peeled off the coated element. If more
than one layer of polyethylene is applied,

each subsequent layer reduces the flaws

of the previous layer.

To make a pellicle, the central plate is

omitted, and a single dielectric film is

stretched between the outer plates.

When all wrinkles have been removed
from the sheet, it is bonded to a pellicle

holder and then cut free.

This work was done by Gordon C.

Augason ofAmes Research Center.

Inquiries concerning rights for the

Outer

Plate

Conical

Surface

Outer Plastic

Sheet

Inner (Coating)

Plastic Sheet

Hypodermic
Needle Soldered

in Inner Plate

To
Vacuum
Pump

Lens or Other Optical

Element To Be Coated

The Optical Element To Be Coated is clamped between inner sheets of the coating material and outer sheets of high-melting-point plastic.

Tightening the wing nuts causes the O-rings to move outward, stretching the plastic sheets.
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commercial use of this invention should

be addressed to the Patent Counsel,

Ames Research Center Refer to

ARC-11611/TN

Ames Research Ctr.

Moffett Field, CA 94035

Technology Utilization

Officer: Laurance Milov

Mail Code 223-3

(415)694-6370

Patent Counsel:

Darrell G Brekke
Mail Code 200-11

(415)694-5104

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE



IWNSATech Brief
National Aeronautics and
Space Administration

NASA's Jet Propulsion Laboratory, Pasadena, California

Hot-Gas Nozzle for Desoldering Leadless IC's

An economical tool fits on a hot-air gun.

Presoldered

Pads"

Nozzle

Figure 1. A Hot-Gas Soldering/Desoldering Nozzle removes a leadless, surface-mounted, in-

tegrated circuit from a printed-circuit board. The nozzle can be used with a hot-air gun of the

type used to apply heat-shrink tubing or with some other source of hot gas.

A simple hand-held tool removes lead-

less, surface-mounted integrated circuits

(IC's) from printed-circuit boards (see

Figure 1). It can also be used for installa-

tion. The tool is a specially shaped nozzle

that fits on a hot-air gun or other source of

hot gas (see figure). It takes only 5 to 7

seconds to remove an IC with the new tool

.

The new tool is easier to use and less likely

to damage either the IC or the circuit board

than are tools of the soldering-iron type.

The nozzle (see Figure 2) includes a de-

flector that directs the gas flow away from

the IC and onto the soldered contacts on

the mounting pad at the base of the IC. The

heat is thus concentrated uniformly on the

solder joints, without undue spot heating

that would cause damage. A small, high-

energy (rare-earth) magnet in the deflector

applies a lifting force to the IC via magnetic

material in the IC. Thus, the IC is pulled

away from the board as soon as the solder

is melted.

Deflectors of various sizes could be

used to adapt the nozzle to IC's of different

sizes. Alternatively, a series of nozzles of

different sizes with permanently mounted

deflectors could be used. Nozzles with

other types of mechanical or vacuum grips

could also be devised.

This work was done by Mark T. Hanlon

and Robert M. Deering of Caltech for

NASA's Jet Propulsion Laboratory

NPO-16897 /TN

Hot Gas

Cylindrical

Split-Ring

Adapter

Reducing

Nozzle

Deflector

Rectangular

Nozzle

Magnet

Figure 2. The Rectangular End of the Noz-

zle and the deflector shape the airflow pat-

tern to concentrate the heat directly on the

soldering pads located around the edge of

the IC's to heat them quickly and uniformly.

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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IWNSATech Brief
National Aeronautics and
Space Administration

Linearization off Robot
Manipulators

Four nonlinear control

schemes are equivalent.

A report discusses the theory of non-

linear feedback control of a robot manipu-

lator, with emphasis on control schemes

that make the manipulator input and output

behave like a decoupled linear system.

This approach, called "exact external

linearization," may contribute to efforts to

control end-effector trajectories, positions,

and orientations.

The discussion begins with a review of

the rigid-body dynamics of an n-link manip-

ulator. It is shown that the end effector

evolves according to a highly nonlinear,

coupled set of equations involving first and

second time derivatives, the end-effector

contact forces, and the control inputs. The

problem then becomes one of finding a

feedback control law that, in effect, masks

the internal nonlinearities of the system in

that it makes the input/output dynamics be-

have according to a set of decoupled linear

equations in the end-effector coordinates.

There follows a discussion of general lin-

earizing feedback laws. The exact lineari-

zing controllers described in this section

are shown to be equivalent to those ob-

tained by the application of any of four pre-

viously developed techniques; namely, the

computed-torque, resolved-acceleration-

control, general nonlinear decoupling, and
differential-geometric techniques.

The author states that the exact lineariz-

ing techniques are general enough to ap-

ply to redundant and actuated serial-link

manipulators subject to measurable reac-

tion forces and torques on their end effec-

tors. All the exact linearizing controllers

can be derived from a theoretical perspec-

tive that has its basis in resolved accelera-

tion control. This perspective makes it pos-

sible to speed up the control computations

by using the Newton-Euler recursion to

compute the inverse dynamics for both un-

actuated and actuated manipulators.

This work was done by Kenneth Kreutz

of Caltech for NASA's Jet Propulsion

Laboratory. To obtain a copy of the report,

"On Nonlinear Control for Decoupled Ex-

act External Linearization of Robot Manip-

ulators," NPO-16911/TN

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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IWNSATech Brief
National Aeronautics and
Scace Administration

Minimum Joint Gap
for Robotic Welder

A vision system requires a

minimum gap at a joint to be

welded.

A report describes an evaluation of the

factors influencing the minimum-gap re-

quirement for a robot-welded joint. The

evaluation is part of a series on a vision-

based welding-control system.

In the robotic system, trajectory control

is based on optoelectronic detection of the

joint and, optionally, of the edges of the

weld pool. The joint center and joint edges

are extracted from the second derivative of

the light-intensity profile with respect to

position across the joint. The maximum
positive second derivative defines the joint

center, and the maximum negative second

derivative defines the edges. Each feature

is given a confidence level based on the

number of times the feature is detected

within a window column.

When the system calculates a response

to a tracking error, it uses the detected joint

features on a priority basis. The first priority

is to use the detected joint-edge locations

to calculate the joint center, which is then

used to determine the tracking error. This

method is the most accurate. However, if

the confidence levels of the joint edges are

below a preset threshold, the detected joint

center is used in the error calculation. If the

confidence level of the detected joint cen-

ter is also below the threshold, the system

makes no control response, but maintains

its current path.

In the evaluation of the joint-tracking

system, plates 0.125 in. (3.2 mm) thick, to

be butt-welded, were beveled to obtain the

desired gaps on the surfaces opposite

those of the butted edges. Joints with in-

cluded angles of 0°, 5°, and 10° were
studied, corresponding to gap widths of 0,

0.01, and 0.02 in. (0, 0.25, and 0.5 mm,
respectively). The butted plates were
clamped in a fixture. A welding-torch ma-
nipulator was programmed to follow the

joint closely.

The experiments showed that a mini-

mum gap width less than 0.01 in.

(0.25 mm) is adequate under controlled

conditions. This means that the edges of

the plates 0.1 25 in. (3 mm) thick to be joined

have to be beveled to an angle of only 2.5 °.

However, the gap is a function of the

workpiece restraint, the heat input, and the

heat flow, all of which affect the thermal

distortion of the gap. For practical pur-

poses, therefore, a minimum gap of about

0.02 in. (0.5 mm) is needed, corresponding

to a 5 ° edge bevel or 10 ° included angle at

the joint.

This work was done by K. J. Gangel and

J. L Weeks of Rockwell International Corp.

for Marshall Space Flight Center. Fur-

ther information may be found in NASA
CR-1 78537 [N8G-16586/NSP], [A02] "In-

vestigation of Weld Joint Detection Capa-

bilities of a Coaxial Weld Vision System."

Copies may be purchased from the

National Technical Information Service,

Springfield, Virginia 22161,

MFS-27144 /TN

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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IMASATech Brief
National Aeronautics and
Space Administration

Lyndon B. Johnson Space Center, Houston, Texas

Punching Holes in Thin Metals

Edges are clean and sheets remain flat.

Figure 1. Hoiss Were Punched in nickel-alloy sheet 0.003 or 0.004 in. (0.076 or 0.10 mm) thick

by a conventional punch and die (left) and by the new tool (right).

A simple punching tool has been used to

make holes in thin metal sheets, without

the burrs and edge deformations that ac-

company the use of conventional punch-

and-die sets (see Figure 1 ). The tool can be

used on such materials as stainless steel,

nickel alloys, beryllium, copper, and

aluminum, in thicknesses of 0.002 to

0.010 in. (0.05 to 0.25 mm). With the new

punch, the hole size can be held to a toler-

ance of ±0.001 in. (0.025 mm).

Instead of a conventional die, the tool

(see Figure 2) includes a clamp made of

two 3/32-in.-(2.4-mm-) thick titanium plates.

A hole is drilled and reamed simultaneous-

ly through both plates to produce con-

gruent holes of the size and shape to be

punched. To maintain the alignment of the

punch holes, two dowels are press-fit into

one plate and have a slip fit in the other.

Instead of a conventional metal punch,

the tool includes a rubber punch with a

hardness of Shore durometer 45; the

punch fits in a holder on an arbor press.

The punch is wider than the hole. With the

thin metal sheet placed between the plates

on the arbor press, the punch pushes

down on the plates, clamping the three

layers together. As the pressure increases,

the rubber extrudes into the hole, eventual-

ly reaching and pushing out the exposed

portion of the sheet. When the pressure is

removed, the rubber retracts from the

hole, resuming its original shape.

This work was done by Richard Garcia,

Derrell Foster, and Valentino Miranda of

Rockwell International Corp. for Johnson

Space Center. No further documentation

is available.

MSC-21134 /TN

Figure 2. The new Punching Tool includes

a rubber punch that extrudes into the hole

in the top plate, pushing out the exposed
portion of the clamped metal sheet.

Aluminum
Punch Holder

BEFORE PUNCHING

IIP
///////////////////m
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DURING PUNCHING. RUBBER EXTRUDED INTO HOLE

m<mm
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united states
Licensing Opportunity

Department of

Agriculture Research Technology
Agricultural Research Service

New Wrinkle-Resistant Fabric Finish

An ARS-patented, formaldehyde-free

fabric finish promises wrinkle-resistance

without the shortcomings associated

with current "permanent-press" proc-

esses.

Consumers were grateful, a genera-

tion ago, when the first wrinkle-resistant

fabric finishes unchained them from the

ironing board. However, at least two

drawbacks soon became apparent:

fabrics treated with these finishes release

minute quantities of formaldehyde which

can accumulate in clothing factories and

warehouses. Also, when the fabrics are

laundered with chlorine bleach, they

tend to be weakened when touched up

by a hot iron.

Formaldehyde can be identified by its

characteristic "plastic" odor on new
clothing before laundering.

In the new experimental process,

wrinkle resistance has been imparted to

fabrics comprised of pure cotton or

cotton/polyester blends.

For technical information, contact

Leon H. Chance or Gary F. Danna,

USDA-ARS Southern Regional Re-

search Center, 1100 Robert E. Lee

Blvd., P.O. Box 19687, New Orleans,

LA 70179. Patent Application Serial

No. 07/050,436, "Wrinkle Resistant

Fabric Produced by Crosslinking

Cellulosic Materials With Acetals of

Glyceraldehyde."

For Additional Information:

Inquiries concerning rights for commercial use of this

invention should be addressed to

Office of Federal Patent Licensing

Center for the Utilization of Federal Technology
Room 13R, NTIS
Springfield, VA 22161

(703) 487-4738

Refer to Patent Application 7-050,436/TN
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U.S. Air Force

Technology Note

Heat Treatment of Ti-6A1-6V-2Sn Powder Metallurgy
Products

The results of studies conducted over a number of years directed toward
improving the ductility of powder metallurgy Ti-6A1-6V-2Sn alloys by heat
treatment are described in a recent Technical Report from the Air Force
Wright Aeronautical Laboratories. High strength titanium alloys can be
processed to near net shape parts by isothermal forging of hot isostatically

pressed powder preforms. The forgings have shown excellent strength,

but ductility and toughness have tended to be low. This has been attributed

to the presence of a continuous alpha grain boundary network. The studies

summarized in this report were conducted to determine if it was possible

to improve ductility and toughness by the use of heat treatments designed
to break up the continuous alpha grain boundary net work.

Alloys for use in this study were fabricated either from a flake powder
produced by the hydride-dehydride process or a spherical powder produced
by the rotating electrode process. The spherical powders were higher purity,

and thus tended to exhibit somewhat lower strength. The best properties

were achieved in both powders if not isostatic pressing and isothermal forging

were conducted at temperatures below the beta transus temperature. In

general, post-fabrication heat treatments that resulted in lower strength also i

resulted in higher toughness and ductility. However, it was concluded that

superior combinations of strength, ductility, and toughness could be produced
by a heat treatment of the following type: 6 hr at 1350 F, air cool + 3 hr

at 1680 F, air cool + 3 hr at 1350 F, air cool.

FOR ADDITIONAL INFORMATION: A copy of the report "Improvement in

Ductility and Fracture Toughness of HIP'd and Isothermally Forged Ti-6Al-6V-2Sn
Powder With Heat Treatment" is available from NTIS, Springfield, VA 22161;

(703) 487-4600.

NTIS order number: AD-A168804/3/NAC
Price code: A05
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U.S. Air Force

Technology Note

High Temperature Aluminum Alloys

By analogy with the maximum useful service temperature of nickel-base

dispersion-strengthened alloys (three-fourths of the absolute melting tem-
perature), it should be possible to develop dispersion-strengthened alumi-

num base alloys exhibiting attractive properties at 800 F. Considerable

research has been conducted with this objective, resulting in the develop of

aluminum alloys containing iron-cerium or iron-molybdenum intermetallic

phases. Although these alloys have shown attractive properties at temper-
atures as high as 600 F, they have not been capable of extended service at

800 F. This has been attributed to relatively rapid coarsening of the dis-

persed phases at high temperatures. A series of studies of dispersion coarsen-

ing rates were conducted at Northwestern University, supported by the Air

Force Office of Scientific Research, with the objective of discovering a dis-

persion phase suitable for strengthening aluminum that would be significantly

more stable at 800 F. The results of these studies are summarized in a re-

cent report. It was concluded from this work that cubic dispersed phases
developed by replacing part of the zirconium component of the Al~Zr inter-

metallic with vanadium offered considerable promise for the development of

dispersion-strengthened aluminum-base alloys with useful properties at 800 F.

FOR ADDITIONAL INFORMATION: A copy of the report is available from
NTIS, Springfield, VA 22161; (703) 487-4600.

NTIS order number: AD-A164158/8/NAC
Price code: A06
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U.S. Air Force

Technology Note

Superplastically Formed Aluminum-Base Alloys

Properties of three alloys designed specifically for aerospace application

in the superplastically formed condition, Supral 100, Supral 150 clad, and
Supral 220 clad, were determined in studies conducted at Fairchild Republic

Company for the Air Force. Tests were conducted on superplastically formed
parts in the T6 temper under conditions providing MIL-HDBK-5 data. The
results of these tests are given both in tabular and graphic form.

Several trends were observed that were true for all three alloys. It was noted,

for example, that properties were approximately the same whether determined
parallel to or perpendicular to the direction of superplastic strain. Also, in all

three alloys the amount of superplastic forming did not appear to be an im-

portant factor unless it was sufficiently high, approximately 200 percent equi-

.... /Original thickness ,\ 1AA , ,. . . . r . . .. ..
valent strain,(—-*?

—

. ^, . , l)x 100, to result in significant cavitation.
final thickness

However, when cavitation was extensive, elongation values as low as 1 percent

were observed. Cladding was found to be quite detrimental to fatigue proper-

ties; this was attributed to the very large grains that developed in the Supral

alloys during superplastic forming.

The Supral alloys were reported to be comparable to 7475 superplastic alloy

in overall formability. However, forming of supral alloys can be accomplished
at higher strain rates and lower forming temperature, factors which appreciably

reduce forming costs. Cavitation can be controlled in both materials (Supral or

7475) by similar methods, either limiting the amount of strain or using back

pressure.

FOR ADDITIONAL INFORMATION: A copy of "Structural Evaluation of Super-

plastic Aluminum, Part 1. Mechanical, Corrosion, Metallurgical Data", is available

from NTIS, Springfield, VA 22161; (703) 487-4600.

NTIS order number: AD-A161366/0/NAC
Price code: A06

<

«
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U.S. Air Force

Technology Note

Ti-6A1-4V Produced from Elementally-Blended
Powders

A lower cost method for producing TI-6A1-4V powder metallurgy products

is of interest. This report describes a series of tests conducted by blending

60A1-40V powder with unalloyed titanium powder. The blended powders
were cold pressed, sintered, and hot isostatically pressed. Details of the

processing methods were not reported. Samples of the product supplied by

the manufacturer, Imperial Clevite, for evaluation in this study measured
either 7/8 x 2-1/8 x 2-1/8 inch or 9/16 x 9/16 x 3-1/2 inch. Tests were
conducted at temperatures up to 800 F to determine tensile properties,

both smooth and notched bar fatigue properties, crack growth rate, and
fracture toughness.

Tensile properties were said to be equivalent to those for annealed sheet,

strip, and plate produced from conventionally processed material, and
superior to those reported for powder metallurgy material. However, it was
noted in examining the test data that ductility values were somewhat low;

tests at room temperature, for example, provided the following properties:

Ultimate tensile strength 136.5 ksi

Yield strength 122.8 ksi

Elongation, in 4 D 7 percent
Reduction in area 26 percent

Fatigue properties were inferior to those of wrought material, but compar-
able to properties reported for other powder metallurgy materials. Fracture

toughness of the blended powder alloy was also lower than that reported

for wrought alloys.

FOR ADDITIONAL INFORMATION: A copy of the report "Mechanical

Properties of Elementally Blended Ti-6A1-4V" is available from NTIS,

Springfield, VA 22161; (703) 487-4600.

NTIS order number: AD-A176640/1/NAC
Price code: A03
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US Army Fact Sheet

Shear Instability Mechanisms in High Hardness Steel

The phenomenon of strain localization in shear is of well known importance
in a variety of diverse areas such as machining, metalworking, cryogenics,

ballistic penetration, and explosive fragmentation. While all the factors

contributing to the constitutive flow instability underlying the phenomenon
are not well understood, much attention has focused on the thermal softening

effect arising from the adiabatic constraint associated with certain dynamic
deformation conditions, and numerous analyses have predicted adiabatic shear

instabilities using isothermal-based empirical constitutive flow relations.

Possible simple forms of adiabatic constitutive relations were recently reviewed,
and an empirical adiabatic stress-strain relation was developed from available

results of adiabatic torsion tests on high-strength steels. While thermal
softening undoubtedly provides an important contribution to the measured
adiabatic stress-strain relations, the observation of similar stress-strain curves

and shear localization behavior in steels under isothermal testing conditions

indicates that other strain softening phenomena may be equally important.

The causes of shear instability in high-strength martensitic steels were studied

using both dynamic and quasistatic loading conditions. Detailed strain measure-
ments were made from thin wall torsion tests. An unexpected result of these

tests is that the critical strain for shear localization in 4340 steel is nearly

identical for both isothermal (quasistatic) and adiabatic (dynamic) loading

conditions. Rather than thermal softening, void softening effects associated

with carbides appear to be the dominant cause of strain localization under

shear deformation at high hardness levels.

FOR ADDITIONAL INFORMATION: A copy of this report is available from
NTIS, Springfield, VA 22161; (703) 487-4600.

NTIS order number: AD-A179825/5/NAC
Price code: A02

To discuss other aspects of this effort, contact

Morris Azrin

U.S. Army Materials Technology Laboratory, SLCMT-MCM
Watertown, MA 02172-0001

Comparison of instability strains measured in

adiabatic torsion tests of AM, ESR, and VAR
4340 steel.
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Technology Application

Deaeration Technique for Fluid Polymers

A study evaluated several techniques for reducing the time required to

deaerate (defoam) adhesives and potting compounds. The deaeration
techniques investigated involved the use of an ultrasonic processor, me-
chanical vibrator, and a rotating disk. Ultrasonic processors do not work
well for this application because of the heat that is generated. By in-

corporating a mechanical vibrator or a rotating disk into the presently

used deaeration system, the time required to deaerate adhesive polymers
can be drastically reduced. The mechanical vibrator is efficient but it

requires electrical power. The rotating disk deaerator can use a com-
pressed air motor in a high explosives area or an electric motor in other

areas. The rotating disks can easily be fabricated as low cost disposable

items.

FOR ADDITIONAL INFORMATION: A copy of the report is available

from NTIS, Springfield, VA 22161; (703) 487-4600.
NTIS order number: DE87-006878/NAC
Price code: A02

To discuss this effort further, contact Jackie Montague, U.S. DOE
Pantex Plant, P. 0. Box 30020, Amarillo, Texas 79177; (806) 381-3000.
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WNSATech Brief
National Aeronautics and
Space Administration

Effects of Hydrogen on
Experimental Alloys

Tensile-strength data are

given on candidates for

service in a hydrogen

atmosphere.

A report presents the results of tensile

tests on experimental alloys for use in

contact with pressurized hydrogen gas.

The tests determined the extent to which

tensile strength deteriorated in hydrogen.

The specimen materials included Inco-

loy* 907, various Fe/Ni/Co/Cr alloys, and

some Cu/Ni alloys. The report describes

the materials, equipment, and proce-

dures. It presents conclusions for the pro-

gram and for the individual tests. It in-

cludes information from 23 previously

issued monthly progress reports.

Smooth and notched tensile speci-

mens of Incoloy* 907 were tested in both

hydrogen and helium atmospheres at

temperatures up to 760 °C and pressures

up to 34.5 MPa. Tests were also conduct-

ed in air at the ambient temperature and

pressure. The deterioration was found by

comparing the results for hydrogen with

those for helium or air. Except for a small

increase over the temperature range of

about 430 to 600 °C, the notch tensile

strength dropped progressively with in-

creasing temperature; the strength loss in

hydrogen was 34 percent at the maxi-

mum temperature. The effect was less

pronounced on the smooth specimens;

strength dropped by 17 percent at the

highest temperature.

For the Fe/Ni/Co/Cr alloys, notch speci-

mens were tested at room temperature

and a hydrogen pressure of 34.5 MPa.

The tensile-strength range varied from

635.7 to 1,390.0 MPa for 19 air-melt

alloys. For six vacuum-melt alloys, it

ranged from 1 ,184.5 to 1 ,394.8 MPa.

For the Cu/Ni specimens, which were
notched and from vacuum melts, the

range in tensile strength was 308.2 to

1,811.2 MPa for 27 different composi-

tions. These specimens were tested un-

der the same conditions as those for the

Fe/Ni/Co/Cr alloys.

*"lncoloy" is a registered trademark of

the Inco family of companies.

This work was done by K.F. Tosi, J.

Mucci, J. R. Tee/, D. G. Kelly, B. J. Holley,

and J. Greenwood of United Technolo-

gies Corp. for Marshall Space Flight

Center. To obtain a copy of the report,

"Study of Mechanical Properties of Ex-

perimental Alloys in Gaseous Hydrogen,

"

MFS-27060 /TN

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE

0126



WNSATech Brief
National Aeronautics and
Space Administration

Producing Low-Oxygen
Samarium/Cobalt Magnet
Alloy

An oxygen content of only

70 parts per million was
achieved.

Experiments aimed at producing

SmCo
5

alloy with low oxygen con-

tamination are described in a report. The

lower the oxygen contamination of the

alloy, the closer the coercivity of magnets

compacted from powdered alloy should

approach the theoretical upper limit of

350 kOe (2.8 x 107 Aim).

Two methods of alloying by melting

without contact with crucible walls were

tested. The lowest oxygen contamination

(70 parts per million) was achieved by dc

arc melting on a water-cooled, tantalum-

clad copper hearth in a purified quiescent

argon atmosphere. The higher oxygen

content obtained with RF levitation and

heating in flowing helium (200 parts per

million) apparently resulted from oxygen

contamination in the helium.

It is expected that the oxygen content

of the alloy prepared in zero gravity,

where no helium cooling jet would be re-

quired, would be similar to, or lower than,

that of the arc-melted alloy. Commercial

alloys with oxygen contamination as low

as 150 parts per million are available.

The report also describes plans and

preliminary experimental work on avoid-

ing oxygen contamination during the

fabrication of the compacted alloy from

the powder. A stainless-steel chamber
that can be evacuated and baked out to

reach a low pressure of 10 6 torr (about

10 4 Pa) is used to provide an oxygen-free

argon atmosphere for powder prepara-

tion and compaction. After compaction of

the powder, the canister is to be sealed

by welding. The powder in the sealed

canister is to be hot isostatically pressed

into solid billets.

The report includes photographs of the

equipment, photomicrographs of the al-

loy samples, detailed descriptions of the

procedures tried, and tables of the ox-

ygen contamination and intrinsic coer-

civities of the samples produced. A paper

on SmCo
5
magnets produced by hot

isostatic pressing is included in an appen-

dix.

This work was done by Dilip K. Das and
Kaplesh Kumar of The Charles Stark

Draper Laboratory, Inc. and Robert T.

Frost and C. W. Chang of General Electric

Co. for Marshall Space Flight Center.

Further information may be found in

NASA CR-161823[N82-33495] [A04] •Ulti-

mate Intrinsic Coercivity Samarium-
Cobalt Magnet— on Earth-Based Feasi-

bility Study for Space Shuttle Missions.

"

Copies may be purchased from the

National Technical Information Service,

Springfield, Virginia 22161,

MFS-27011/TN

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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NASATech Brief
National Aeronautics and
Space Administration

NASA's Jet Propulsion Laboratory, Pasadena, California

Recycling Silane

This costly gas would be purified after use in a deposition reactor.

A proposed method for recycling

silane promises to reduce the cost of pro-

ducing pure silicon for semiconductor

deviqes. At present, only a small portion

of the silane fed to a reactor is consumed
in the formation of amorphous silicon

films. The unused gas is burned as it

leaves the reactor. The proposed method

would reduce the waste of this material,

which costs about $200 per kilogram

(1985 prices).

In the new method, the exhaust gas

would pass through a series of

permeable membranes. The membranes
would remove polymerized silicon

hydrides, which are unusable in the reac-

tor. The remaining gas — a mixture of

purified silane and hydrogen — would be

reconstituted to its original concentration

by the addition of more silane. The

purified mixture would be stored in a

holding tank until needed. Alternatively,

the hydrogen and silane could be
separated by passing the mixture through

another set of membranes.

This work was done by Ralph Lutwack

of Caltech for NASA's Jet Propulsion

Laboratory. NPO-16625/TN

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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IWNSATech Brief
National Aeronautics and
Space Administration

NASA's Jet Propulsion Laboratory, Pasadena California

Analyzing Nonisothermal Crystallization of Thermoplastics
Polycrystallinity is observed at different, but constant, heating rates.

A method has been developed for the

analysis of nonisothermal cold crystalliza-

tion in thermoplastics. Unlike previous

methods, this does not require prior know-

ledge of the isothermal kinetic parameters.

The approach is based upon the obser-

vation that, during nonisothermal crystalli-

zation at a constant rate, the relative

crystallinity develops with a time depen-

dence that is sigmoidal at low degrees of

conversion. A likely application for this

method is in the study of cold crystalliza-

tion in advanced thermoplastics.

The method involves fitting the time de-

pendence of the relative crystallinity, a, to

an equation of the form ln(1 - a) = Ktn
,

where (Ka<1 and t = time. The parame-

ters K and n are determined at each

heating rate from a plot of log [
- ln(1 - a)]

versus log t.

The rate parameter K can be expressed

approximately by K 1/n = ^expf - E/RT),

where E = the activation energy, R = the

ideal-gas constant, and T = the absolute

temperature. This equation is evaluated at

temperatures that correspond to a fixed

degree of conversion.

In an application of the method, cold-

crystallization data were obtained for poly

(etheretherketone), PEEK, by cooling it at

different, but constant, rates (from 1 to

50 °C/min) in a scanning calorimeter. The

activation energy of the primary crystalliza-

tion process was 52 kcal/mole. The non-

isothermal cold crystallization resulted in a

degree of crystallinity between 20 and 25

percent. A large percent of this crystallinity

was developed by secondary kinetic proc-

esses. The main endothermic response

occurred at 335 °C, regardless of the crys-

tallization heating rate. A small secondary

endotherm appeared just above the origin-

al crystallization exotherm temperature:

this annealing peak represents the melting

of a small fraction of unstable crystals

formed during the nonisothermal crystal-

lization.

This work was done by Peggy Cebe of

Caltech for NASA's Jet Propulsion Lab-

oratory. NPO-16866/TN

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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fWNSATech Brief
National Aeronautics and
Space Administration

Dielectric Monitoring of

Curing Composites

Monitoring of dielectric

properties may improve the

curing process, but

additional research is

needed.

A report describes preliminary at-

tempts at dielectric monitoring of the cur-

ing of graph ite/epoxy and carbon/phenol-

ic composites. The objective of such

studies is to develop dielectric monitoring

for optimizing the curing process and

thus reduce the incidence of failures of

the produced composite structures.

Such factors as exotherms from poly-

merization, curing kinetics, cross-linking

reactions, the heat-transfer character-

istics of the part being formed, and the

temperature distribution within the hy-

droclave, autoclave, or press can make
the temperature of the curing composite

different from the temperature of the pro-

cessing or monitoring units.

Preliminary studies have been con-

ducted on two types of dielectric cure-

monitoring systems, each applied to both

epoxy and phenolic composites. One of

the systems included automatic dielec-

trometers operating at various frequen-

cies from 100 Hz to 100 kHz. This system

required two electrodes as parallel

plates, with the sample as the dielectric

medium of the capacitive cell. The sys-

tem, however, was unsuitable for highly

conductive, heterogeneous composite

materials. While successful results were
obtained for epoxy resin in an indirect lay-

up configuration, the bare aluminum-foil

electrodes in this system were incompati-

ble with the direct layup configuration

necessary for routine monitoring and

control of manufacturing processes. This

system was unsuccessful in monitoring

the curing of the highly conductive car-

bon/phenolic mixture, apparently be-

cause the bare foil electrodes were
shorted out. Various physical barriers

placed between the resin and the elec-

trodes proved to be opaque to the

dielectric-monitoring signals.

Some success was achieved with

another dielectrometer system. There

the dielectric-monitoring signals were
measured with a microchip probe in

which the electrodes and the thermocou-

ple were part of the same integrated cir-

cuit. Initial cure-monitoring data dis-

played distinct regions that corresponded

to portions of the cure cycle. Although

further work is necessary to determine

the significance of the experimental data,

these data appeared to be corroborated

by data from dynamic mechanical analy-

sis.

Finally, the theoretical analysis of ex-

perimental data indicated the need for a

new term to express the contribution of

ionic conduction to the dielectric per-

mitivity. This term, hitherto unreported,

becomes important when boundary-layer

effects and consequent electrode shield-

ing, are taken into account. The initial in-

vestigation indicates that the ionic-con-

duction effect is controlled by diffusion.

This work was done by Benjamin E.

Goldberg and Marie L Semmel of Mar-

shall Space Flight Center. Further in-

formation may be found in NASA
TM-86452 [N84-31378/NSP], [A03]

"Dielectric Cure Monitoring."

Copies may be purchased from the

National Technical Information Service,

Springfield, Virginia 22161,

MFS-27082 /TN

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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IWNSATech Brief
National Aeronautics and
Space Administration

Lewis Research Center, Cleveland, Ohio

Measuring the
Interlaminar Shear
Strengths of

Composites
An ultrasonic technique

performs nondestructive tests.
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I I I I I
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—

-H 3.8 cm U--

Concave Positions

An acousto-ultrasonic technique utiliz-

ing a computer and waveform digitizer has

been developed for the nondestructive

evaluation (NDE) of composite materials.

The technique has been employed on fila-

ment-wound composite (FWC) specimens

cut from sample segments of graphite/

epoxy cylinders. The technique is being

developed at NASA's Lewis Research
Center for use on large composite struc-

tures to verify integrity and to assure

reusability. Similar applications of the tech-

nique are anticipated for a variety of com-
posite structures, such as pipelines and

storage tanks.

The sequence of tests carried out on the

FWC specimens is shown in Figure 1 . The
top illustration represents the nondestruc-

tive acousto-ultrasonic measurement. In

the middle illustration the output pulse is

digitized and processed in a computer to

generate the stress-wave factor (SWF).

The data from the bending tests (bottom il-

/Twy^
i i i i i i

VAAAA^y
CONCAVE SIDE

Load

Acousto-Ultrasonic

Measurement Positions

Before Bend

Specimen
I J After Loading

Left

Bearing
Yield Point

CONVEX SIDE

Right

Bearing

Figure 1. A Filament-Wound Composite Specimen is subjected to nondestructive acousto-

ultrasonic measurements (top and middle). Then it is subjected to a destructive bending test

to determine the interlaminar shear strength.
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E »
< >
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Figure 2. The Data From the Ultrasonic Tests illustrated in Figure 1 are processed into two forms. The left plot shows the magnitude of the
Fourier spectrum of a typical bend specimen in the four filter bands used in the analysis. The right plot shows the stress-wave factor for the
frequency range 0.5 to 0.75 MHz averaged over positions 2 through 4, versus the interlaminar shear strength. Here, R2 = 0.806.
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lustration) were used to calculate the in-

terlaminar shear strength.

Frequency spectra of the digitized acou-

sto-ultrasonic output signals were obtained

by employing a fast-Fourier-transform al-

gorithm. Atypical spectrum is shown at the

top of Figure 2. The SWF was calculated

for a variety of filter ranges.

The reliability of the SWF as a predictor

for interlaminar shear strength in the FWC
was tested by performing a regression an-

alysis of the SWF data with the bending-

test data. A plot of the data with the highest

correlation coefficient R = 0.898 is shown

at the bottom of Figure 2. This correlation

was obtained with optimum experimental

conditions, including the transducer posi-

tion and frequency. It should be pointed out

that the major portion of the spectrum was
insensitive to the interlaminar shear

strength.

Work is in progress to define more clear-

ly the role of frequency filtering on the

value of the SWF as a predictor for me-

chanical properties in FWC materials and

structures. This acousto-ultrasonic-fre-

quency filtering technique may be adopt-

able to monitoring interlaminar shear

strength in a variety of large filament-

wound structures.

This work was done by Harold E. Kautz

of Lewis Research Center. Further infor-

mation may be found in NASA TM-87088

[N86-10561/NSP], [A03] "Ultrasonic Eva-

luation of Mechanical Properties of Thick,

Multilayered, Filament Wound Composites.

"

Copies may be purchased from the

National Technical Information Service,

Springfield, Virginia 22161,

LEW-14417 /TN

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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Technology Application

Oak Ridge National Laboratory

CAPILLARY PROCESSOR AND PIPETTOR FOR PROCESSING
WHOLE-BLOOD SAMPLES INTO MEASURED ALIQUOTS OF PLASMA

oxvk

The Capillary Processor and Pipettor (CPP)

combines centrifugal force and capillary action to

process whole-blood samples into precise

volumes of plasma. The device consists of a disk

containing either 8 or 16 capillary tubes that fits

into a processing rotor (Fig. 1). The capillary

,1 .

)
PROCESSING

ROTOR ^
TRANSFER

DISK
SAMPLING

DISK

Fig. 1. Top view of the capillary processor and
pipettor. Aliquots of blood are introduced into the

processing unit by means of the transfer disk. After

centrifugation. aliquots of plasma are drawn by

capillary action into the measuring capillaries of the

sampling disk.

tubes are prepared from 1 -in. lengths of

precision-bore tubing of varying internal diameters

that yield sampling volumes ranging from 1 to

10 fxL. In practice, the rotor is placed into a

centrifuge, and unmeasured volumes of blood are

introduced into it (Fig. 2). Upon rotation, the

Fig. 2. Introducing an aliquot of blood into the

processing rotor of the CPP model 2.
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blood volumes are transferred by centrifugal force

into separate processing chambers and, with

time, are separated into cellular and plasma

fractions. When the centrifugal field is removed

by slowly decreasing the rotor speed, an exact

volume of plasma is withdrawn by capillary action

into each of the measuring capillary tubes. The

disk is then removed from the rotor, and the

measured aliquots of plasma are analyzed by

centrifugal and conventional techniques. Two

designs of the CPP exist (see figures). In one,

single aliquots of several whole-blood samples

can be simultaneously processed into individual

aliquots of plasma. In the other, a bulk aliquot of

a single blood specimen can be processed into

multiple aliquots of plasma. Gravimetric and

photometric studies have shown that microliter

volumes of plasma can be prepared with a

precision of 1 to 2%.

The CPP can be used to prepare measured

aliquots of plasma for subsequent

chromatographic and electrophoretic analysis, to

prepare measured aliquots of blood from any

solid/liquid mixture requiring centrifugation before

analysis, and to extend and improve the

capabilities of the many centrifugal analyzers now

in use in clinical laboratories.

At this time, patents are pending on the CPP.

Additional information:

Office of Technology Applications

Information Service

Martin Marietta Energy Systems, Inc.

P.O. Box X

Oak Ridge, TN 37831

Telephone: (615) 574-4192; FTS 624-4192

C. A. Burtis, W. F. Johnson, and W. A. Walker,

"Development of a Simple Rotor for Processing a Single

Blood Sample Into Multiple, Microliter Aliquots of Plasma,

Clin. Chem., in press.

C. A. Burtis, W. F. Johnson, and W. A. Walker,

"Development of a Simple Rotor for Processing a Single

Blood Sample Into Multiple, Microliter Aliquots of Plasma,'

Clinical Chemistry, in press.
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Technology Application

Lawrence Berkeley Laboratory

Human Genome Center

The Lawrence Berkeley Laboratory will be
the location for one of two new centers for

human genetic studies, the U.S. Depart-

ment of Energy announced today. Secre-

tary of Energy John S. Herrington named
LBL and the Los Alamos National
Laboratory to house these new centers as

part of the largest single project ever un-

dertaken by biologists, the deciphering of

the human genome.
"The human genome project may well

have the greatest direct impact on
humanity of any scientific initiative before

us today," says LBL Director David
Shirley.

The ability to read the genome's message
could be the most powerful tool ever devel-

oped for investigating the mysteries of

human development. Deciphering the

human genome could also be a tremen-
dous asset for the diagnosis and preven-

tion of cancer, heart disease, sickle cell

anemia, and more than 3,000 other afflic-

tions that have been linked to a breakdown
in the genetic process.

LBL's Human Genome Center will con-

tribute to mapping and sequencing the

genome—the two steps necessary for read-

ing and understanding the genome's
message. This involves pinpointing the

location of genes on chromosomes, then
determining the order in which nu-
cleotides are arranged along each of these

genes.
Although everybody's genome is unique,

there is only about a tenth-of-one-percent

variation from person-to-person. This
means that a model of one human genome
can serve as a standard reference. Con-
structing such a model means mapping
an estimated 100,000 to 300,000 genes

(distributed over 46 chromosomes), and
sequencing approximately 6 billion nu-
cleotides (3 billion on each DNA strand).

Traditionally, biological research has
been conducted by investigators working,
for the most part, independently. The
massive coordinated research effort re-

quired for the human genome project will

propel biological research into the realm
of "big science".

"If the human genome project is to suc-

ceed, it will require the cooperation and
integration of many disciplines, including
molecular and cellula-r biologists, bio-

physicists, chemists, physicists, computer
and data processing specialists, engi-

neers, physicians, geneticists, epidemiol-
ogists, and microbiologists."

Current plans for LBL's Human
Genome Center call for scientific respon-
sibilities to be shared with University of

California scientists. Cooperative efforts

will also be carried out with scientists and
engineers at the Lawrence Livermore Na-
tional Laboratory, and with researchers at

Los Alamos' genome center, which will

focus its efforts on the computational and
engineering aspects of the human genome
project. Furthermore, scientists at LBL's
Human Genome Center will be proximate
to the largest concentration of private in-

dustry biotechnology research facilities in

the world.

As part of the effort towards mapping
and sequencing the human genome, re-

searchers at LBL's Human Genome Cen-
ter will also seek means of reducing the

cost of the task.

In addition to helping physicians diag-

nose and treat genetically-linked diseases,

mapping and sequencing the human
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genome should also prove enormously
valuable in the diagnosis and radiation,

toxic chemicals, and other environmental
pollutants.

Deciphering the human genome will

also provide the knowledge, the technol-

ogy, and the skills to read the codes for all

other life forms. This should be a boon for

all biologically-related research, including
agriculture and the biotechnology indus-

tries.

For Additional Information:

Mr. Robert .1. Morris
Office of Research and Technology Ap-
plication

50A_4112
Lawrence Berkeley Laboratory
Berkeley, CA 94720
Telephone (415) 486-6502

<
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Technology Application

Oak Ridge National Laboratory

A NEW RADIONUCLIDE GENERATOR SYSTEM
FOR CLINICAL STUDIES

A new radionuclide delivery system has been

developed for the bedside injection of small

amounts of a radioactive material directly into the

blood system for the diagnosis of heart function

and other nuclear medicine applications. The new

system is a type of radionuclide generator system

that involves a chemically processed osmium-191

(

191
0s) radioisotope placed on a specially treated

activated-carbon column. The radioactive
1910s

parent is produced in a reactor and has a long

half-life of 14.9 d. As the
191

0s decays, it

produces a daughter radioactive isotope, iridium-

191m (

191m
lr), which has a very short half-life of

only 4.9 s and decays to a nonradioactive form

of iridium. The 191m
|r has excellent properties for

use as a diagnostic agent using nuclear medicine

techniques. A generator system has been

developed to exploit the chemical differences

between osmium and iridium so that the
191

0s

binds tightly to the carbon and the
191m

| r can be

removed by passing a saline solution through the

generator column. Because the
191m

| r has such a

short half-life, the eluting (extracting) solution is

passed directly into a vein or artery of the patient

(Fig. 1).

Fig. 1. The generator system is attached directly to

an indwelling catheter for the rapid injection of
191m

lr.

Nuclear medicine physicians can evaluate the

movement of the radioactive
191m

|r through the

vascular system by taking a series of rapid

pictures (15-30 frames/s) with a gamma camera

imaging device. In this way, frames can be

selected to evaluate the flow and volume of

blood in the vascular system, including the lungs,

heart chambers, and other organs. This widely

used technique is known as radionuclide

angiography. An example of a radionuclide

angiogram obtained with
191m

|r from the new

generator system is illustrated in Fig. 2. Over
191m,250 patient studies with
l5"m

lr from this

generator system have been performed in
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Fig. 2. Selected frames of a typical radionuclide

angiogram illustrating passage of the radioactive
191m

lr

bolus from the arm vein through the lungs and right

and left heart chambers.

Belgium, and clinical studies are expected to start

in the United States soon. The availability of the

short-lived
191m

|r radionuclide offers several

distinct advantages over other radioactive agents

now in clinical use. A main advantage is the very

short half-life of 4.9 s. In less than a minute,

most of the injected radioactivity has decayed.

Thus, both the patient and medical personnel are

exposed to only very low levels of radioactivity.

The short half-life also allows the opportunity to

perform repeat studies over a short time period,

which is especially important in cardiac

procedures where heart function, for example, is

monitored both at rest and at stress after

exercise or during the administration of drugs. By

allowing the electrocardiographic signals to

instruct the gamma camera to take pictures of

the heart while it is expanding and contracting,

differences in the ejection fraction can be

calculated. Cardiologists rely heavily on the

ejection fraction for their diagnoses.

Currently, no short-lived radionuclide generator

system exists on the market for these

applications. The U.S. patent for this system has

been allowed, and Martin Marietta Energy

Systems, Inc., has been granted the patent

waiver. A workshop on this technology was held

on July 16, 1987 at Oak Ridge National

Laboratory, Oak Ridge, Tennessee.

Additional information:

Office of Technology Applications

Information Service

Martin Marietta Energy Systems, Inc.

P.O. Box X

Oak Ridge, TN 37831

Telephone: (615) 574-4192: FTS 624-4192

C. Bnhaye et al., "A New Osmium-191/lridium-191m

Radionuclide Generator System Using Activated Carbon,

J. Nucl. Med. 27, 380-87 (March 1986).



Licensing
Opportunities

1
Slllligllil

[ wl n
ass^*:-

¥ ** « i§ mmm®

P
IRi^ 1

# iT*i
»iw?ffiSsfiss$&&&£&5^3S?I$K*

Technology Application

Oa/c /?/ofefe National Laboratory

TECHNIQUES FOR PRODUCING MONODISPERSED BIOCATALYST BEADS
FOR USE IN COLUMNAR BIOREACTORS

This technology provides a unique

manufacturing technique for producing

monodispersed gel beads (ranging in size from

0.5 to 4.0 mm diam) for use in advanced

bioreactor systems. Conventional bioreactor

systems use biocatalysts (typically

microorganisms) in free suspension to carry out a

bioconversion process such as converting sugar

to ethanol. With conventional methods, there is a

severe limitation on maximum biocatalyst

concentration and a tendency to "wash out" the

biocatalyst in a continuous flow system.

However, if the biocatalyst is immobilized into a

gel matrix, extremely high concentrations of the

biocatalyst can be achieved, especially in

advanced bioreactor concepts such as fluidized or

fixed beds. Small bead size reduces mass

transport problems, and particles of about the

same size (monodispersed) reduce the drop in

pressure and the loss of the biocatalyst by

entrainment. Other materials can be added to the

gel matrix to control the microenvironment in the

biocatalyst bead. This combination results in

enhanced bioreactor productivity (by as much as

a factor of 10) and reduced operating costs.

This product can be used in fermentation

systems to significantly increase microbial

concentration for the production of many

oxychemicals such as alcohols and organic acids.

It can also be used for some wastewater

treatment applications such as those that degrade

hazardous organic chemicals. Additional testing

with the specific organisms of interest should

reveal applications in the pharmaceutical industry

and therefore increase market potential.

Additional information:

Office of Technology Applications

Information Service

Martin Marietta Energy Systems, Inc.

P.O. Box X

Oak Ridge, TN 37831

Telephone: (615) 574-4192; FTS 624-4192

C. D. Scott, "Techniques for Producing Monodispersed

Biocatalyst Beads for Use in Columnar Bioreactors," Ann.

N.Y. Acad. Sci. (in press).

B. H. Davison and C. D. Scott, "Ethanol Production from an

Industrial Feedstock by Immobilized Zymomonas mobilis in a

Fluidized-Bed Bioreactor," Biotechnol. Bioeng. Symp. 17,

629 (1986).
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NAVY
Domestic Technology Transfer Fact Sheet

Remote Vital Signs Monitor Developed

A radar device that can detect ir-

regularities in the beating of a heart 300

feet away and can detect respiration from

400 feet away has been developed by the

Georgia Institute of Technology.

Supported by the Naval Medical

Research and Development Command,

the Remote Vital Signs Monitor (RVSM)

project was initiated in 1982 with the

object of developing an instrument in-

tended to search and to locate battlefield

casualties in hazardous environments.

Other uses include the clinical monitor-

ing of burn victim patients who cannot

tolerate the pain of skin contact with the

electrodes of the conventional

electrocardiogram.

The RVSM projects a narrow micro-

wave beam at its target and measures the

beam's electronic echo. It is aimed with

the aid of a telescopic gunsight. The

device can detect the differences in

distance between the source of the beam

and the chest of the patient due to the

patient's respiration and heartbeat. The

frequency of the microwave beam is ad-

justed for specific applications.

For Additional Information:

Backup material on this effort is available

from:

Navy Domestic Technology Fact Sheet
Reader Reply Service

Code E211
Naval Surface Weapons Center
Dahlgren, VA 22448-5000

(703) 663-8921

Refer to 120702/TN
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NAVY
Domestic Technology Transfer Fact Sheet

Digital Dosimeter Measures Radiation Doses

The Navy, as well as other military

services and civilians, is increasingly re-

quired to monitor and accurately record

nuclear radiation exposure to personnel.

Traditionally, badge-like devices that

can be clipped to one's clothing and read

periodically have been used to monitor

and determine exposure levels. However,

certain aspects of the badges could prove

to be a problem, as the requirement to

monitor more and more people continues.

Future requirements call for a device

of high reliability, with low cost of data

reading/storing, and an assurance of suf-

ficient industrial suppliers of essential

parts.

Therefore a novel concept called the

digital dosimeter was developed and

demonstrated by scientists at the Naval

Surface Weapons Center (NSWC). The

device is based on a slightly modified

DRAM semiconductor memory chip as

a sensor. (DRAM stands for dynamic

random access memory.) The project was

transferred to industry in 1984 via the

Navy's Small Business Innovation

Research (SBIR) Program. Radiation

Monitoring Devices, Inc., of Watertown,

Massachusetts, was awarded this SBIR

contract.

The new device, still under develop-

ment at Radiation Monitoring Devices,

may be fabricated in such a way as to be

sensitive to either neutrons or alpha par-

ticles or both. With regard to using the

device as a neutron dosimeter, it has

already been demonstrated that the device

could provide the Navy with a personnel

neutron dosimeter more sensitive than

what is presently being used.

The dosimeter is a real-time device,

is self-reading and could include real-time

alarm and continuous digital display op-

tions. The device would also have the

capability of interfacing directly with a

computer and therefore could be read out,

identified, and maintenance-checked at

One of the two different working experimental models of the digital dosimeter

developed and fabricated at NSWC.
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distributed reading stations, which would

be connected to a central computer. This

process would enable individual units,

such as naval bases or ships, to

automatically maintain dosimetry records

or data bases with low cost and few

errors.

The dosimeter should also be much

more reliable in maintaining calibration

than ones now used and would tap the

large semiconductor industry for

manufacture of its component parts.

With its alpha-particle sensitivity, the

digital dosimeter could be used in nuclear

cleanup operations. For such operations,

a device could be configured to have a

small, pocket-held central electronics

package with remote sensor heads. The

heads (or DRAM chips) could be

distributed to key areas of the cleanup

worker's protective clothing, such as the

hand, foot, and air intake filter of the face

mask.

The dosimeter can also be used as a

monitoring device for detecting radon.

Radon is a radioactive gas that is show-

ing up in homes that are well-sealed

against air leaks to the outside. An inex-

pensive device with the features of the

digital dosimeter may be desirable for this

large potential market.

For Additional Information:

Backup material on this effort is available

from:

Navy Domestic Technology Fact Sheet

Reader Reply Service

Code E211
Naval Surface Weapons Center

Dahlgren, VA 22448-5000

(703) 663-8921

Refer to 120501/TN
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Computer
Software

Technology News
From the Bureau of Mines, United States Department of the Interior

Computer Simulation Model for Surface Mine Reclamation
Planning_OPMHS/2

The Bureau of Mines OPMHS/2 model is a general purpose computer program
which can be used for general surface mine planning, including ore reserves
estimation and equipment sizing and selection, and/or reclamation planning. It

provides a valuable tool which is capable of simulating all phases of surface
mining operations from topsoil removal to final land reclamation. The model also

maintains an account of the volume and location of all excavated materials used
in activities such as stock piling, spoil leveling, final topsoil grading, etc. In addi-
tion, the selective excavation and burial of toxic materials. Output data is provided
on a shift basis containing time and production statistics for each machine and
haulage unit in the simulation...Software Description: The model is written in the
FORTRAN programming language for implementation on an IBM 370/3081
computer using the MCP 3.4 operating system. The program is machine-
independent.

For Additional Information:

For information about ordering this software, contact the

NTIS Federal Computer Products Center, NTIS, 5285 Port Royal Road, Spring-
field, VA 22161; (703) 487-4763.

Refer to PB87-204863/NAC

Source tape is in the EBCDIC character set. This restricts preparation to 9 track,
one-half inch tape only. Identify recording mode by specifying density only.

Price includes documentation, numbersPB87-204871, PB87-204889, PB87-204897,
andPB87-204905.
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Federal Computer Products Center C™S%
National Technical Information Service, U.S. Department of Commerce

CAM (Cartographic Automatic Mapping) Program. 7th
Edition

The Cartographic Automatic Mapping (CAM)
Program is the output portion of AUTOMAP,
an automatic mapping system developed by

the CIA. CAM performs a variety of carto-

graphic functions. The structure of the pro-

gram is modular so that additional map projec-

tions, subroutines to read line or symbol data

on various formats, subroutines for other fea-

tures and different plotter software can be
added.

New features include three new projections:

The Space Oblique Mercator, The Two-World
Perspective, and the Two-World Azimuthal.

Also new is the comment command, the color

command, many additional bar scale com-
mands, a 3-D command for bathametric data, a

command for labeling grids, and a new com-
mand for names. CAM may still be used in

conjunction with World Data Bank I and II

The software is written in the FORTRAN and
ALC programming languages for implementa-

tion on a IBM 360/370/308X Operating Sys-
tems and utilizes approximately 51 2K bytes of

core storage.

For Additional Information:

For information about ordering this software,

contact the

NTIS Computer Products Center, NTIS,

5285 Port Royal Road, Springfield, VA
22161; (703) 487-4763.

Refer to PB87-171864/NAC

Price: $500

The source tape is in the EBCDIC character

set. This restricts preparation to 9 track, one-
half inch tape only. Identify recording mode by
specifying density only.

<

<
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Technology Application

Oak Ridge National Laboratory

ULTRASONIC RANGING AND DATA SYSTEM

The ultrasonic ranging and data system

(USRADS) is a hardware/software ranging and

data transmission system that can automatically

determine a surveyor's position in urban,

suburban, and open-country environments and

link it with other survey data being taken

simultaneously (Fig. 1). An ultrasonic transmitter

and a radio frequency (rf) transmitter are carried

on the surveyor's back in a 10-lb package. The

surveyor's position is determined by the

differences in arrival times of an airborne

ultrasonic pulse from the surveyor to three or

DISTANCE I

DISTANCE 3

DISTANCE 2

i

:

Fig. 1. USRADS technology locates the surveyor's position through an ultrasonic pulse.
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more prepositioned ultrasonic receivers. In the

process of accomplishing this, the system

transmits, field-processes, and graphically

displays position and other data once every

second. The data are then stored on a diskette,

and an initial survey report is generated in the

field.

This technology eliminates several drawbacks

of current surveying methods: some require line-

of-sight distancing, are not continuous locators,

cannot accommodate portable instrument data,

or are more expensive. Furthermore, this

technology increases the reliability of data, which

in itself represents a savings of almost $500 per

survey.

At present, USRADS is used for surveying

radiologically contaminated sites involved in the

Department of Energy's Uranium Mill Tailings

Remedial Action Project (UMTRAP), its survey of

6000 public, residential, and commercial

properties contaminated with by-product material

(tailings) from uranium mining (Fig. 2). As the

technology develops, USRADS will enable more

properties to be surveyed for a wider variety of

pollutants at a lower cost. Although this system

is currently used for characterization of

radiological contaminants, a simple modification in

software will enable it to accept or display

different types of data, such as geological

formations, magnetic fields, species of trees, and

insects. USRADS can thus be used in

hazardous-waste characterization, land surveying,

and robotics control— to name but a few of its

applications.

(A)

Fig. 2. Results of a radiological survey of a private

property that is part of the Uranium Mill Tailings

Remedial Action Project. Contaminated areas (A and

B) are shown in two- and three-dimensional plots.

C. Little and B. Berven, "Sizing Up Contaminated Properties:

A Saga of ORNL's Western Pioneers,'' Oak Ridge National

Laboratory Review 19 (4), 1 -9 (1986).

B. G. Eads. Instrumentation and Controls Division Progress

Report for the Period July 1, 1984 to July 1. 1986.

ORNL-6308, Oak Ridge National Laboratory (December

1986).

Additional information:

Office of Technology Applications

Information Service

Martin Marietta Energy Systems, Inc.

P.O. Box X

Oak Ridge, TN 37831

Telephone: (615) 574-4192; FTS 624-4192
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Technology Assessment
Department of the Air Force

Quadriprism for Laser Beam Array Generators

DESCRIPTION

Optical computers and machine vision systems require laser beam arrays that

can be projected over significant distances without loss of uniformity of the

array or sharpness of the individual beam elements. Optical masks can not

function in this capacity because of diffraction effects in the far field. The
Air Force School of Aerospace Medicine has developed a quadriprism tech-

nology which has resulted in the production of 128 X 128 laser beam arrays

which can be projected through computer programmable spatial light modula-
tors.

STAGE OF DEVELOPMENT

The technology has been extensively developed in the context of 3-D surface

mapping by computer. An optical system for automation surface mapping in-

corporating the quadriprism is in final completion stages of completion. The
system will be used by NASA in space work station designs.

APPLICATION

The quadriprism may be applied where the generation of a 2-D array of laser

beams is required. In optical computers, this would be in the massively paral-

lel array addressing of optical gates. In structured light projection systems, the

quadriprism generates a 2-D beam array which can be binary encoded. The next
two illustrations Fig 1 and 2 shows how the prism achieves beam array generation.

In Fig. 1 is shown a laser beam projected through the four facet prism by a

focusing lens. The resulting partition of the wavefront yields four point sources

which propagate to the far field as shown in Fig. 2. Through the interference of

the four wave fronts, a beam array results.

rouR fACCT
PRISM

row* rocus
POIMT SITES

Fig. 1
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Fig. 2
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PUBLICATIONS

J. Taboada, "Laser-Generated Beam Array for Commutation of Spatially Modulated
Optical Signals, "Proceedings of Society of Photo-Optics Instrumentation Engineers,

Vol 698, pp. 198-206 (1987).

PATENT STATUS

Available for licensing. U.S. patent 4, 523, 809.

ADDITIONAL INFORMATION
For more information, contact,

USAFSAM-ORTA, Brooks Air Force Base, TX 78235-5302, Dr. John Taboada;
(512) 536-2857.
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Technology Application

Oak Ridge National Laboratory

ELECTRICALLY STABILIZED EXPANDED GRANULAR
BEDS FOR SORPTION PROCESSES

Removal of a chemical species from a fluid

mixture may be accomplished by sorption on a

solid. Granular beds of sorbents such as

molecular sieves through which an upflow causes

fluidization may be stabilized by the imposition of

an electric field (see Fig. 1). This improves the

sorption performance of the bed while

maintaining a low pressure drop. A number of

configurations are possible (see Fig. 2).

Fixed downflow beds have a high pressure

drop, especially when small granules are used.

The new technology considerably improves this

situation: the reduced pressure drop decreases

energy consumption. The simplicity of switching

the electric field enables innovative regeneration

schemes. The technology is in the early stages of

process development; its potential is high for gas

purification and liquid treatment.

Additional information:

Fig. 1. The experimental apparatus used for

testing electrically stabilized expanded beds as

adsorbers. The technician is placing a heater

over a small test bed to regenerate the

adsorbent.

Office of Technology Applications

Information Service

Martin Marietta Energy Systems, Inc.

P.O. Box X
Oak Ridge, TN 37831

Telephone: (615) 574-4192; FTS 624-4192

J. S. Watson, C. H. Byers, and D. R. Reinholt, "Electrically

Stabilized Expanded Beds for Sorption Separations," Sep.

Sci. and Technol., 22 (February 1987).
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Fig. 2. Electrically stabilized expanded beds can be operated with the field oriented parallel to the fluid flow

(as shown on the left) or with the field oriented normally to the fluid flow (as shown on the right where the

field is in the radial direction).
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Technology Application

Oak Ridge National Laboratory

QUALITY CONTROL PROGRAM FOR ANALYTICAL CHEMISTRY LABORATORIES

The Analytical Laboratory Information System

(AnaLIS) was developed as a management

information system for analytical chemistry

laboratories that analyze large numbers of

environmental and waste management samples

under Environmental Protection Agency (EPA)

protocol. It provides information necessary for

efficient management and operation of an

analytical chemistry laboratory.

Using this software, laboratory personnel log

in and track samples, schedule work, report

results, manage quality assurance (QA) programs,

and determine costs. These records are current,

easily retrievable, and meet government and

corporate requirements for quality and

auditability. AnaLIS is a us^effiencfly, screen-

oriented software package that stores all

information about sarnies in a centralized data

base accessible to bofn laboratory personnel and

customers. These data can be retrieved,

reported, and electronically transmitted to other

computers or downloaded to commercial

spreadsheets. AnaLIS is designed to

accommodate all QA requirements established by

the EPA and will maintain quality control (QC)

charts and qualification records on laboratory

personnel. Laboratory backlogs are maintained,

\

procedure costs computed, and reports printed in

formats required by the EPA or other customers.

The software can be customized by the user

to accommodate changing laboratory programs.

QC charts for spikes, duplicates, and blind

controls are maintained, and out-of-control points

are reported via electronic mail. Data can be

sorted by customer, project, cost account, and

analysis. All completed samples and QC charts

are customer accessible via telephone hookup.
A. V'

Data can be formatted and transmitted

electronically to customer data bases on other

computers. Cost control information and cost

estimates are available because AnaLIS maintains

a current list of analytical procedure averages and

also maintains a record of costs charged to

individual accounts.

AnaLIS is designed for the Digital Equipment

Corporation VAX family of computers. Data are

stored in the VAX Record Management Services

Indexed-Sequential Access files.

Additional information:

Future Tech Corporation

701 Scarboro Road

Suite 2015

Oak Ridge, TN 37830

(615)482-2461
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NBS technology update
National Bureau of Standards
U.S. Department of Commerce
Gaithersburg, MP 20899

Bulk Targets Characterized for New Laser Ablation Technique

In a joint effort with The Johns Hop-
kins University Applied Physics Labora-
tory (APL), NBS prepared and character-

ized bulk target materials for a new
laser-ablation technique , developed at

APL, to deposit superconducting oxide

thin films on substrates. The supercon-
ducting transition temperatures for ab-

lated thin films of barium, yttrium, cop-

per, and oxygen-the BYCO-1,2,3, com-
pound—at 94.5 kelvins, and for films of

lanthanum, strontium, copper, and oxy-

gen at 41 .5 kelvins are the same as those

measured for the bulk materials used for

ablation. The thin-film deposits were
produced on unheated substrates, and no
further processing was required. While
the test samples were made on fused sil-

ica substrates, the new lowtemperature
method permits the preparation of high-

critical-temperature superconducting
materials on other substrates such as

gallium arsenide that cannot withstand
elevated temperatures during process-

ing. The hybrid superconduct-
ing/semiconducting systems offer poten-
tial for smaller and faster integrated cir-

cuits.

For Additional Information:

To discuss this effort further, contact:

Dr. Kishin Moorjani, The Johns Hop-
kins University Applied Physics Labo-
ratory, Laurel, Md. 20707; (301) 953-

6232.

For information on the ceramic oxide
materials, contact: Dr. Lawrence H.
Bennett, 8150 Materials Building Na-
tional Bureau of Standards, Gaithers-
burg, Md. 20899,; (301) 975-5966.

t
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NBS technology update
National Bureau of Standards
U.S. Department of Commerce
Gaithersburg, MP 20899

Mass Spectral Database Available for PC Use

The NBS/EPA/MSDC Mass Spectral

Database—a major international resource

of more than 44,000 analytical mass
spectra--is now available from the Na-
tional Bureau of Standards (NBS) for use
on personal computers (PCs). The new
PC version of the database provides ana-

lytical chemists with fast, easy access to

important information to identify un-

known chemical compounds.
The PC version of the database was pre-

pared from the NBS/EPA/MSDC Mass
Spectral Database that is in use world-

wide in a computer-magnetic tape format
and as a six-volume, 7,000-page refer-

ence. The collection of evaluated electron

ionization mass spectra of organic and
inorganic substances was originally put
together by scientists at the Environmen-
tal Protection Agency (EPA) and the Na-
tional Institutes of Health (NIH). It is

now maintained jointly by NBS, EPA, and
the Mass Spectrometry Data Centre
(MSDC) in Nottingham, England.
Mass spectrometry is an analytical

technique that is widely used in pharma-
ceutical, biological, and environmental
research, as well as in the chemical in-

dustry. EPA requires the use of the

NBS/EPA/MSDC database by environ-

mentalists to identify pollutants.

Many modern mass spectrometers in-

corporate a computerized data system,
such as the NBS/EPA/MSDC Mass Spec-

tral Database in magnetic-tape form, to

compare the spectrum generated by an
unknown sample with thousands of

standard reference spectra contained in a
database. Ihese databases have not been
easily accessible to users who do not have
data systems incorporated in mass spec-

trometers, except through printed refer-

ences.

There are many advantages to the new
PC version of the mass spectral database.

It is portable, economical, easily updated,
and very user-friendly.

Lias says, "The search system is ex-

tremely fast, allowing the user to view
spectra almost instantaneously. Because
the retrieval is so fast, it is possible to

carry out multi-step interactive searches,

refining the requirements until exactly

the right spectrum has been found."

The PC version of the standard refer-

ence database was prepared by Dr.

Stephen E. Stein, chief of the NBS
Chemical Kinetics Division. Stein com-
pressed the 44,000 spectra in the mag-
netic-tape version and new search pro-

grams into 13 highdensity floppy disks.

The database is designed to be stored on a
hard disk of any AT-class or XT-class PC,
where it occupies between 8 and 15
megabytes, depending on how many
search options are needed by the user.

Stein designed programs which rapidly

search the database either for spectra of

specific chemicals according to chemical
name, chemical formula, molecular
weight, or Chemical Abstracts Registry

Number, or for spectra which have pre-

selected characteristics such as peaks at

certain masses.
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Stein says, "The PC version of the

database is not intended to be a replace-

ment for the databases and search sys-

tems used in instruments. The PC pack-

age is adapted for easy access to large

numbers of spectra by the bench scien-

tist."

For Additional Information:

The PC version of the NBS/EPA/MSDC
Mass Spectral Database is available for

$750 from NBS. For information on the
database, or to obtain a license agree-

ment, contact: Office of Standard Refer-

ence Data, A320 Physics Building, Na-
tional Bureau of Standards, Gaithers-
burg, Md. 20899; (301) 975-2208.



NAVY
Domestic Technology Transfer Fact Sheet

New Excimer Laser Concept Demonstrated

The Naval Research Laboratory reports

the conception, development, and suc-

cessful laboratory-testing of a large-

aperture, discharged-pumped excimer

laser design, which is expected to improve

the efficiency and energy of such lasers.

Rare gas excimer lasers, such as argon

fluoride, krypton fluoride, and xenon

chloride, have become useful in scien-

tific research and could be applied to

medical use, materials processing, and

military applications.

Excimers are molecules that exist only

in their excited states. Large populations

of these molecules can be created

(pumped) efficiently by passing electron

beams or electric discharges through gas

mixtures containing the appropriate parent

atoms and molecules. Electron-beam

pumping has been used for very high

energy lasers. Discharge pumping, which

has the potential for high efficiency and

a high pulse repetition rate, has been

used for smaller devices, including many

commercial lasers.

The inductance of these discharge

lasers, particularly those with apertures

10 centimeters in diameter and greater,

can be reduced by a factor of two or

more. The technique uses careful

geometric shaping of the electric fields

of the laser head so that flashover of

the discharge along the walls is avoided.

This flashover was previously avoided

by keeping the walls farther away from

the discharge region, significantly increas-

ing the inductance of the laser head.

Because the inductance adversely

affects the rise time of the current pulse

and consequently the efficiency of the

laser, the use of the concept will increase

the practical maximum size, and

therefore, the output energy of discharged-

pumped excimer lasers.

Alternatively, devices of a given

energy can be constructed in a smaller

volume and the pulse length decreased,

due to the low inductance, which can

increase the instantaneous power avail-

able. The concept has been demonstrated

for single pulse lasers only, but it should

be possible to extend the use of the tech-

nique to repetitively pulsed systems,

which require gas flow.

For Additional Information:

Backup material on this effort is available

from:

Navy Domestic Technology Fact Sheet

Reader Reply Service

Code E211
Naval Surface Weapons Center

Dahlgren, VA 22448-5000

(703) 663-8921

Refer to 120602/TN
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IWNSATech Brief
National Aeronautics and
Space Administration

Apodization Control off Line

Shape in Spectrometer

A Kaiser-Bessel apodization

function reduces the un-

wanted sidebands.

A report discusses apodization in a

Fourier-transform spectrometer (FTS) for

the Advanced Moisture and Temperature

Sounder (AMTS). Apodization is the appli-

cation of spatially varying attenuation over

the surface of a lens or mirror to affect the

structure of the diffraction pattern that

forms the image. For example, when form-

ing an image of a pointlike object like a star,

an unapodized circular lens forms a cir-

cularly symmetric image consisting of a

bright central spot (the Airy disk) surround-

ed by a series of faint rings. By adjusting

the transmission of the lens so that it de-

creases in just the right way with increas-

ing radius, the rings can be eliminated (or

at least greatly reduced), albeit at the ex-

pense of enlarging the central spot.

The purpose of apodization in this instru-

ment is to control the shape of the spec-

trum in wavenumber space to keep radia-

tion at other wavelengths in the passband

of the spectrometer out of theAMTS wave-

number channel. The calculation of the

apodizing functions involves a general

analysis, including an accurate model of

the effect of off-axis detectors in FTS in-

struments. A complete system tradeoff

analysis among line-shape control, line-

shape degradation, and stability has also

been carried out.

The results indicate that the apodizing

functions should have the Kaiser-Bessel

form as a function of optical path. A Kaiser-

Bessel parameter in the range of K = 6 to

K = 8 meets the line-shape control re-

quirements of the AMTS.

This work was done by Antonio Pires,

Edward Niple, and Nathan L. Evans of

Perkin Elmer Corp. for NASA's Jet Pro-

pulsion Laboratory. To obtain a copy of

the report, "Apodization Control of Line-

shape in Array Field Widened Interferome-

ter Where Apodizing Functions Have
Kais. -Bessel Form, " NPO-16389 /TN

i

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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IWNSATech Brief
National Aeronautics and
Space Administration

NASA's Jet Propulsion Laboratory, Pasadena, California

Approximate
Analysis of

Semiconductor
Laser Arrays

A simplified equation yields

useful information on gains and

output patterns.

A theoretical method based on an ap-

proximate waveguide equation enables

the prediction of the lateral modes of a

gain-guided planar array of parallel semi-

conductor lasers. The equation for the en-

tire array can be solved directly using a

piecewise approximation of the index of re-

fraction by simple functions without the

customary approximation based on the

coupled waveguide modes of the individ-

ual lasers.

The laser array is treated mathematical-

ly as though it were uniform along the di-

rection of propagation (the z direction in

Figure 1). The electromagnetic modes of

the array are therefore taken to be the

eigenmodes of the two-dimensional wave-

guide formed by the laser heterostructure,

gain distribution, and spatially varying

index of refraction. However, the eigen-

modes are calculated for a simplified one-

dimensional version of the structure: an

effective index of refraction, n(y), is calcu-

lated by a previously known technique and

used in place of the actual index, n(x,y).

The resulting approximate waveguide

equation for the array is

jf + [(co/c^nfy) - /j2]E
y
= o

where E, is the electric field in the y direc-

tion, a> is the angular frequency, c is the

soeed of light, and (i is the lateral (x-y plane)

contribution to the overall propagation con-

stant. The effective index of refraction is

represented piecewise by a simple func-

tion within each laser stripe and interven-

ing space so that the waveguide equation

can be solved in each such region. The

p-AIGaAs p-GaAs
H +

Implantation

z (Out of Page)

O y

Si02 CrAu

Tzzzn Y>»A

n-GaAs

n-AIGaAs

Gain

Figure 1. The Semiconductor Laser Array is approximated, for the purpose of analysis, by a

one-dimensional waveguide with spatially varying gain and real (n
r
) and imaginary (n

{
) parts of

an effective index of refraction.

separate solutions are then matched at the

boundaries between the regions. Subject

to the overall boundary condition that the

field must decay to zero at y = ±°°, the

combination of matched regional solutions

gives ihe eigenmodes of the array.
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Figure 2. The Near and Far Fields of a four-element gain-guided-mode semiconductor laser array were measured and calculated by the new

method.

Figure 2 illustrates the close agreement

between such a calculation and measure-

ments. In general, the new method yields

results different from those of the coupled-

mode approximation because the coupling

is so strong that the modes of the individual

lasers lose their identities. The new methoa

also shows differences between gain-

guided-mode and real-index-guided-mode

laser arrays, which are not evident in prior

analyses. The improved results should

yield a better understanding of laser-array

modes and thereby help in the develop-

ment of well-behaved high-power

semiconductor laser arrays.

This work was done by William K. Mar-

shall and Joseph Katz of Caltech for

NASA's Jet Propulsion Laboratory.

NPO-16813 /TN

«

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE



IWNSATech Brief
National Aeronautics and
Space Administration

Ames Research Center, Moffett Field, California

Coma-Compensated Telescope With Vertex Chopping
Field-independent coma is cancelled with field-dependent coma.

A new design for a chopped-infrared as-

tronomical telescope reduces coma to in-

crease image quality. The light in such a

telescope is chopped for signal-processing

purposes — usually by repeated tilting of

the secondary mirror about its vertex. This

chopping introduces coma, which de-

grades the resolving power. In the new
design, the coma introduced by tilting is

cancelled by the shaping of the secondary

mirror to introduce an equal but opposite

amount of coma independent of the tilt an-

gle. Because of this measure, the tele-

scope performance on its axis remains lim-

ited mainly by diffraction (see figure).

In the chopping operation, the telescope

aims alternately at a star and at an adja-

cent starless background region. The
chopping-frequency signal corresponds to

the star signal so that the more-slowly-

varying background and detector noise

can be subtracted out.

Ordinarily, an optical imaging system is

optimized to provide high image quality

over an area in the image plane for one

fixed set of positions of the optical

elements. Because the new telescope has

only one detector on the axis, the off-axis

image quality does not have to be opti-

mized. Instead, the on-axis image quality is

optimized over a range of secondary-

mirror tilt or chopping angles so that the

star image and the background region in-

cluded with it are both made as small as

possible to maximize the signal-to-noise

ratio.

At the detector position on the instru-

ment axis, one part of the coma due to

chopping is proportional to the chopping

angle and depends on the conic constant

of the secondary mirror (which has a hy-

perbolic surface). The chopping changes

the field (boresight) angle at which the

detector is looking by an amount propor-

tional to the tilt angle but independent of

the conic constant of the secondary mirror.

Yet another portion of coma depends on

the field angle and the conic constant but

does not depend on the chopping angle.

The new design exploits these relation-

2.4
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The diffraction limit is considered to be
an rms error of 0.06 waves.

A Coma-Compensated Telescope with vertex chopping will provide diffraction-limited perform-

ance on its axis over a wider range of chopping angles than will either of the two previous de-

signs, the performances of which are shown here for comparison. Each horizontal line shows
how much wavefront error can be tolerated at its designated wavelength, while retaining

diffraction-limited performance at longer wavelengths.

ships. The conic constant of the secondary

mirror is selected so that, for any chopping

angle, the field-dependent portion of coma
at the designated boresight angle is the

negative of the field-independent portion

due to tilting. The shape of the primary mir-

ror is then chosen to eliminate spherical

aberration. The result is that on the instru-

ment axis, the image is excellent over a

wide range of chopping angles.

Defocusing due to field curvature sets

the ultimate limit on the chopping angle.

The field is quite flat up to that point; thus,

little or no refocusing is required when the

chopping-angle amplitude is changed.

This work was done by Malcolm J.

MacFarlane of Perkin-Elmer Corp. for

Ames Research Center. ARC-11628 /TN

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241
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Technology Application

Small Sensor Uses Special Sound Wave to Measure
Viscosity

A new kind of solid-state sensor that can measure the

viscosity of a single drop of liquid has been developed at

Sandia National Laboratories. The microelectronic de-

vice's small size could allow measurements of the

viscosity— resistance to (low—of important fluids in en-

gines, pipes, containers, and other places now largely

inaccessible to such measurements.

The chemical, petroleum, and manufacturing indus-

tries all have need for ways to make in-situ measure-

ments of the viscosity of a variety of Hinds, including

lubricants inside drive mechanisms, chemicals undergo-

ing processing, and oil deep underground.

The device, an acoustic wave viscosity sensor, propa-

gates a sound wave known as a horizontally polarized

shear wave (HPSW) along the interface between the

surface of a crystal and the liquid. The oscillation of the

HPSW is in the plane of the surface and perpendicular to

the wave's direction of travel. The more viscous or

thicker the fluid, the more energy it absorbs from the

wave.

Wave attenuation measured

Comparison of the strength of the signal before and

after the wave passes through the fluid gives a measure-

ment of viscosity. Tests by the device's inventors, Anto-

nio J. Ricco and Stephen J. Martin, show that this

attenuation of the wave can be used to measure viscosity

over a wide viscosity range.

Most methods of measuring viscosity use large sen-

sors, the majority of which cannot be remotely installed.

The Sandia acoustic wave viscosity sensor measures only

1 in. by 1/2 in. (although the laboratory version is cur-

rently housed in a somewhat larger test case). This, say

Ricco and Martin, should enable it to be used in places

where viscosity measurements are now difficult or

impossible.

The device has a quartz piezoelectric substrate 0.03 in.

thick. On either end is a transducer consisting of an

interleaved pattern of microscopic electrodes. An oscil-

lating electrical potential applied to one transducer

causes the crystal to oscillate, generating an oscillating

mechanical wave— the horizontaly polarized shear

wave—which propagates along the length of the sensor

to the other end, where the other transducer converts the

acoustic wave back into an electrical signal.

A drop or two of the liquid to be measured is placed in

a small bottomless cell between the transducers, allowing

it to come into contact with the surface of the crystal.

Some of the acoustic wave energy couples to the fluid; the

more viscous the fluid, the more power dissipated into

the fluid. Analysis shows that this loss of power from the

acoustic wave during its traverse is dependent on the

square root of the viscosity of the liquid, Ricco and
Martin say.

In addition to the advantages from the device's small

size, the tiny volume of liquid required makes the device

potentially attractive for laboratory uses where only a

small amount of sample is available— in biomedical

applications, for instance, or in measuring the viscosity

of new chemicals synthesized in small, experimental

quantities.

A unique aspect of the acoustic wave viscosity sensor

is that it measures the viscosity in a 50-nanometer-thick

layer of liquid adjacent to the surface. This feature, says

Martin, may have advantages for certain kinds of studies

where the properties of the surface layer are of particular

interest.

FOR ADDITIONAL INFORMATION

Public Information Division,

Code 3161,

Dept. of Energy,

Sandia National Laboratories,

Albuquerque, NM 87185-5800

(505) 844-4207.

Refer to announcement 22, No. 5

Y

Schematic of the acoustic wave viscosity
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sound wave to measure I

a single drop ot liquid. The
sensor was invented by r

and Stephen Martin ol San
Microsensor Division.
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Technology Application

Sandia National Laboratory

Advanced Instruments Helping In Studies of Explosives

Scientists at Sandia National Laboratories have used

advanced surface science instrumentation to elucidate

details of the electronic structure of various explosives.

These first-of-a-kind studies are helping researchers

understand, at a molecular level, why a series of common
explosives whose molecular structures differ from each

other only slightly exhibit pronounced differences in

their sensitivity to shock wave initiation.

Scientists who study explosives are quite interested in

understanding the microscopic and macroscopic proper-

ties responsible for the thresholds at which shock waves

cause detonation.

The Sandia studies use the unique local sensitivity of

X-ray excited Auger electron spectroscopy (XAES) to

study the electronic structure of nitroaromatic explo-

sives. These are explosives, such as TNT, whose basic

molecular structure is an aromatic ring of six carbon

atoms (a benzene ring) to which nitro (N0
2 ) and some-

times other chemical groups are attached.

Direct probe of ring properties

XAES is a local chemical probe that, unlike other

techniques, allows scientists to look specifically at the

energy levels involving carbon-carbon bonds. The Sandia

scientists say that to their knowledge no other analysis

technique can be used to probe directly the ring proper-

ties in these particular explosives.

"The studies represent the first case in which these

properties of the explosives have been examined in such

detail," says Sandia scientist J. W. Rogers, Jr., who led

the team.

The studies were carried out on benzene (a nonexplo-

sive) and five explosives built on the benzene ring: TNB
(trinitrobenzene), TNT (trinitrotoluene), MATB (mon-

oaminotrinitrobenzene), DATB (diaminotrinitroben-

zene), and TATB (triaminotrinitrobenzene). As their

names imply, the molecules differ from each other

mainly in the number of amino (NH2 ) groups attached to

carbon atoms of the benzene ring. (TNT has a methyl
[CH

3 ]
group instead of an amino group in addition to

three nitro groups.)

Tests have shown that these five explosives have

widely varying shock initiation thresholds—the shock

pressure necessary to detonate the explosive 50 percent

of the time. For TNB, the threshhold is 17 kilobars; for

TNT, 21; MATB, 30; DATB, 46; and TATB, 75.

To understand these differences, Rogers and Sandia

colleagues Henry C. Peebles, Robert R. Rye, Jack E.

Houston, and J. Stephen Binkley used the XAES tech-

nique along with theoretical calculations of the molecu-

lar electronic properties to probe the systematic changes

in the strengths of the bonds in the ring caused by

substitution of these groups onto the ring.

The XAES technique uses X-ray radiation to remove
an inner-shell (tightly bound) electron. The atom re-

sponds via an Auger transition, which repopulates the

vacated deep electron site with electrons from outer

orbitals so as to lower its total energy. Since inner shell

electrons are very localized spatially, the Auger transi-

tions from the outer orbitals are sensitive only to the

properties of these orbitals over the same spatial extent

as that of the inner shell.

Subtle differences in spectra shapes
The shapes of the resulting Auger spectra—a display

of the intensity of transitions versus energy—of the

molecules show subtle but unmistakeable differences

from one another that reveal details about the differ-

ences in the molecular bonds local to the carbon sites.

The analysis for TNB and TNT confirms theoretical

predictions that the addition of nitro groups to the

benzene ring weakens the ring's carbon bonds. This, says

Rogers, is due to the fact that nitro groups—which are

strong electron withdrawers—draw off some of the elec-

tron density from the carbon-carbon bond.

The carbon-carbon chemical bond is formed by the

sharing of electrons between two adjacent carbon atoms,

and when some of those electrons are partially pulled

away to participate in the carbon bond to NO,, the

carbon-carbon bond is weakened. This makes it easier to

break, which makes the molecule more sensitive to shock.

In a carbon-carbon bond, there are portions of the

electron orbitals in the plane of the ring—called the

sigma orbital—and out of the plane of the ring—the pi

orbital. The sigma level makes the strongest contribution
.

to the bond. The Auger analysis shows that most of the

bond-weakening effect caused by addition of nitro

groups takes place on the pi levels. Only the low binding

energy portion of the energy spectrum indicative of the

pi level contributions is altered by addition of nitro

groups. The high binding energy area where the sigma

levels dominate is unaffected.

The Auger studies show that addition of amino

groups, such as in TATB, decreases an explosive's shock

sensitivity. This, Rogers says, appears to be due to two

effects.

First, amino groups, in contrast to nitro groups, are

net electron donors—adding some electron density to the
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carbon bond. This strengthening effect of the amino he is quick to point out that, in addition to the micro-

electron donation compensates for the weakening effect scopic phenomena explored in the present work, macro-

of the nitro groups. scopic effects such as density and particle morphology

Strong bonding network forms also PlaV an important role in initiation behavior.

The second effect is more important: strong hydrogen FQR ADDITI0NAL INFORMATION
bonding. A redistribution of charge as amino groups are

added causes the molecule to become polarized, the Public Information Division,

amino groups slightly positive, the nitro groups slightly ° e
'

negative. This leads to the formation of a strong intra- ,'.
XT ,. , T . ," b Sandia National Laboratories,

and intermolecular hydrogen bonding network. Albuquerque, NM 87185-5800

Says Rogers, "We've been able to probe the electronic (505) 844-4207.

structure of explosives in a way never done before." But Refer to announcement 22, No. 8



Technology Application

Lawrence Berkeley Laboratory

Improved Raman Spectorscopy System Detects Monolayers
on Surfaces

A Raman spectroscopy system sensitive

enough to detect monolayer coverages on
surfaces has been designed and con-

structed by scientists at the Lawrence
Berkeley Laboratory.

Chemists Kirk Veirs and Victor Chia,

of LBL's Materials and Chemical Sci-

ences Division, working with LBL Deputy
Director Gerd Rosenblatt, have achieved
an unprecedented combination of high
sensitivity and low background with their

new Raman spectroscopy system. The
system can be used to study molecules
and interfaces under conditions— such
as high pressures—not readily amenable
to standard vacuum-based surface ana-
lytical techniques. It can also be used to

obtain one-dimensional compositional

images of a material along the path of a
narrow illuminating laser beam.
Says Rosenblatt, "One may anticipate

that the significant increase in signal to

noise ratio, along with the capability to

obtain spectral images, will extend the

usefulness of vibrational Raman spec-

troscopy to a large number of materials,

as well as surface, chemical, and biologi-

cal problems for which it was previously

inapplicable."

One key to the new system's enhanced
sensitivity and imaging capabilities is the

use of an imaging photomultiplier tube

as a detector. This is the first Raman
spectroscopy system to exploit the imag-
ing capabilities of these tubes.

"Using the imaging photomultiplier

tube as a detector increases the system's

sensitivity by at least one order of magni-
tude over that of conventional systems,"

says Veirs. "At the same time, it reduces

background and the associated noise by
several orders of magnitude."
Combined with advanced beam shaping

and collecting optics, and a single spec-

trometer, the imaging photomultiplier

tube maximizes photon counts and en-

ables the new system to produce its one-

dimensional compositional images. As
the concentration of molecules is directly

proportional to image intensity, an accu-

rate determination of a given molecule's
abundance can be made.
Designed to be flexible and reliable, the

new Raman spectroscopy system yields

spectral data quickly and can operate on
low laser power. For example, an analy-
sis of air revealing 300 parts per million

concentrations of gaseous carbon dioxide,

plus concentrations of isotope 18 in

molecular oxygen, was collected in 100
seconds, using less than one watt of laser

power. With their system, the LBL
scientists were also able to obtain a com-
plete Raman spectrum of water and cy-

clohexane, and the interface between
them, without moving the sample.
In another demonstration of the new

spectroscopy system's broadened capabil-

ities, Veirs collaborated with other LBL
researchers and with mechanical engi-

neers from the University of California at

Berkeley to study the carbon coatings be-

ing manufactured to protect rigid mag-
netic recording disks, the so- called "hard

disks" used in personal computers.
Unless the surface of a hard disk is

protected, repeated starting and stopping

inflicts a lot of wear, damaging its per-

formance. Thin films of sputtered car-

bon, advertised as having "diamond-like"
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properties, are a candidate for providing

a wear-resistant disk surface.

Several analytical techniques, includ-

ing transmission electron analysis, and
Raman spectroscopy with the new sys-

tem, were used by the LBL-UC research

team to probe the structure of these thin

carbon films in an attempt to uncover the

source of their "diamond-like" properties.

"We found no evidence of a diamond
phase in the carbon coatings," says
Veirs. "The structure consisted of small

(20 angstrom) graphite crystals, ran-

domly oriented. This random orientation

gives the films their hardness. Optical

properties of these carbon films were also

graphite-like."

Of all the methods used, Veirs says,

only Raman spectroscopy system could

distinguish differences between the car-

bon films made by different manufactur-
ers.

Veirs and Rosenblatt will use their new
system to investigate hydrogen and other
molecules that are absorbed on single-

crystal surfaces. The system will also be
used to study the new "high tempera-
ture" superconductors, and in studies

involving the growth of cracks in mate-
rials.

For Additional Information:

Mr. Robert .1. Morris
Office of Research and Technology Ap-
plication

50A4112
Lawrence Berkeley Laboratory
Berkeley, CA 94720
Telephone (415) 486-6502



IWNSATech Brief
National Aeronautics and
Space Administration

NASA's Jet Propulsion Laboratory, Pasadena, California

Encapsulating X-Ray Detectors
A vapor-deposited polymer shields crystals from the environment while allowing x rays to pass.

Fragile and chemically reactive mer-

curic iodide detectors for x rays can be

protected over their entire surfaces by a

vapor-deposition process. The process ap-

plies uniform layers of polymer in thick-

nesses ranging from 1 to 10 ^m The coat-

ing is transparent to x rays of energy

greater than 1 keV.

After electrodes are attached to the

Hgl
2
crystal detector, the detector is

transferred to a deposition chamber.

There, successive layers of Parylene (or

equivalent) condense on the crystal until

the required thickness is attained (see

figure). The coating is uniform and free of

pinholes.

The deposition process is conducted in

a partial vacuum at a pressure up to 5 torr

(700 Pa). In one part of the vacuum cham-

ber, di-p-xylylene (or a derivative) is pyro-

lyzed at 550 °C, yielding a vapor containing

radicals.

In another part of the vacuum chamber,

the radicals polymerize and condense on

the Hgl
2
crystal or other substrate, which is

cooled below 50 °C. The coating that

results is relatively impermeable to gases

and moisture and covers even sharp pro-

jections.

This work was done by Joseph M.

Conley and James G. Bradley of Caltech

for NASA's Jet Propulsion Laboratory.

NPO-16910 /TN
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l2 Crystal
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Lead

Front-Contact

Electrical

Lead

Lead

Support

-5 mm-

BEFORE COATING

Parylene (or Equivalent)

Coating

CROSS SECTION AFTER COATING

A Polymer Coating Transparent to X Rays is applied to a mercuric iodide detector in a partial

vacuum. The coating, the thickness of which is exaggerated in the cross section, protects

the crystal from sublimation, chemical attack, and electrical degradation.

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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